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(54) CnOCOB OBMEHA flAHHbIMM ME>Kfly MHO>KECTBOM ABOHEHTCKMX CTAHMMC?! HO BECKABEJlbHOC'i 
/lOKAJlbHOM CETM HEPE3 UEHTPAJlbHYlO YHPABJl^llOlMyfO CTAHL4MK) 



(57) 

MsoepeieHne OTHOcnTCiq k cnocoSy 
nepeAaMU AaHHbix no paflMO b cooTBeicTBHn co 
craHAapTOM DECT, ncnojibayfoinnM lunpoKyto 
nonocy nacTOT, pasAeneHHyfo Ha MHOxecTBO 
KaHanoB n Ha saAaHHoe Mucno epeivieHHbix 
cerMeHTOB. TexHUHecKi/iM peaynbTaroM 
ABJifieTCfl paapaSoTKa cnoco6a, nosBon^ifomero 
ycoBepLueHCTBOBaTb pa6oTy nsBecTHbix 
SecKaSejibHbix cereti. TexHWHecKUM peaynbTar 
AOCTuraeTCfl leivi, hto h3 ueHTpajibHOM cTanuMn 
nepnoAHMecKH TpaHcrinpyKDT curnanbi j3^9\ 
Ka>KAoro Kanajia, a a6oHeHTCKi/ie CTaHi^nn 
nepnoAHMecKM CKaHnpyfOT st\a curHanbi n 
onpeAeriflK3T ypoBHH CMrHanoB Ka>KAoro m3 
MHO>KecTBa KananoB Anfi BbmBJieHUfi aan^iTbix 
nnn HeaaHflTbix BpeivieHHbix cerivieHTOB. flanee c 

nOMOLAbK) Ka>KAOM M3 aGOHeHTCKMX CTaHI^Mkl 

cjDopMnpyioT M nepnoAMHecKM KoppeKTwpyioT 



cnkicoK SHaneHMH ypoBHeCi curHaiioB m 
HeaaHi^Tbix BpeivieHHbix cerivieHTOB, nocne Mero 
ycTaHaBJii/iBafOT paAHOCBfi3b Me>KAy BbiGpaHHOM 
a6oHeHTCKoPi cTaHi^neM n i^eHrpanbHOM 
ynpaBJi?ifOLJ4eM CTaHi4MeM n npM HannHnn 
MHcjDopMai^Mi/i, noAne>KaLneM nepeAane, 
npon3BOAflT o6MeH MHc|DopMai4MeM Me>KAy 
ynoMsiHyTbiMM craHunflMM. 3 3.n. c|D-Jibi, 4 nn. 

.^r. i^:^ - 



T1~ 



J 



■MRM 



-1- 




" RU' 2 197 781 " 



(51) Int. CI7 



H 04 B 7/26, H 04 L 12/28 



RUSSIAN AGENCY 
FOR PATENTS AND TRADEMARKS 



(^2) ABSTRACT OF INVENTION 



to 

00 



(21), (22) Application: 97109431/09. 28.09.1992 
(24) Effective date for property rights: 28.09.1992 
(30) Priority: 07.10.1991 IT TO91A000757 

(43) Application published: 27.05.1999 

(46) Date of publication: 27.01.2003 

(62) Earlier application: 94021697 28.09.1992 

(98) IVlail address: 

129010, Moskva, ul. Boi'shaja Spasskaja, 25, 

str.3, OOO "Juridicheskaja firma Gorodisskij 

i Partnery", pat.pov. Ju.D.Kuznetsovu, reg.N^ 595 



(71) Applicant: 

OLIVETTI TELEMEDIA S.P.A. (IT) 

(72) Inventor: BAD Ehndrju (GB). 
FURNO Rino (IT) 

(73) Proprietor: 

OLIVETTI TELEMEDIA S.P.A. (IT) 

(74) Representative: 
Kuznetsov Jurij Dmitrievich 



(54) METHOD FOR DATA EXCHANGE AMONG PLURALITY OF SUBSCRIBER STATIONS OVER WIRELESS 
LOCAL NETWORK THROUGH CENTRAL CONTROL STATION 



CM 
O 



00 



(57) Abstract: 

FIELD: data transmission over radio link. 
SUBSTANCE: nnethod is used for data 
transmission according to DECT standard 
using broad frequency band divided into 
plurality of channels and desired number of 
time segments. Signals are periodically sent 
from central station to each channel and 
subscriber substations periodically scan 
these signals and determine signal levels in 
each of plurality of channels to detect busy 
or vacant time segments. Then list of signal 
levels and vacant time segments is compiled 
and periodically corrected by means of each 
subscriber station whereupon radio 
communication is established between chosen 



subscriber station and central control 
station; if data to be transmitted is 
present, data exchange between mentioned 
stations takes place. EFFECT: enhanced 
operating reliability of modified wireless 
networks. 4 cl, 4 dwg 
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M3o6peTeHMe othocmtca k noKanbHOM ceiM 
(LAN), a 6ojiee KOHKpeTHO k cnocoSy o6MeHa 

flaHHbIMM Me>Kfly MHO>KeCTBOM a60HeHTCKMX 

CTaHL^i/iC^ no 6ecKa6enbHoK cern nocpeACTBOM 
HenoflBM>KHoro i4eHTpanbHoro ynpasjifliomero 
ycrpoCicTBa, npkiMew Ka>Kflafl na aGoHSHTCKHx 
CTaHi^nC^ coflepjKMT TepwinHan ^n^\ BBOfla 

flaHHblX. 

JloKajibHbie ceTM nojiyHUJiM ujiipoKoe 
pacnpocTpaHeHkie b cxjDepe kiHcj^opMari/iKki ki 
BMfleorpactuHecKOM cbash npn ycTaHOBJieHUM 

CBflSM Ha HeGOJlbLIIHX paCCTOflHMflX c L^ejibto 

oGecneHeHMJi nepeflann m pacnpeAeneHUfl 
flaHHbix M ycnyr Me>Kfly MHo>KecTBOM 
nonbaoBareneM, Haxoflflii^Mxcfl Ha oahom m tom 
)Ke ynacTKe, nanprnviep, b oahom 3AaHMM. 
JloKanbHan ceib ^bbt BoaMO>KHOCTb 
McnojibaoBaTb MHO>KecTBO paanoro poAa 
TepMMHanoB BBOAa ftaHHbix, laKnx, KaK 
nepcoHajibHbie KOMnbrorepbi (PC), 

MMHMKOMnbHDTepbi, npMHTepbi n TaK pianee, 
KOTopbie Moryr npucoeAHHyiTbCfl HpesBbinaC^HO 
rki6KMM oGpaaoM, o6ecneMMBafl noBbiLueHHyio 
CKopocTb nepeAaMM nopyiAKa coreH TbicflH 
KHJioenT B ceKyHAy 

flo HacTOflunero BpeivieHM b ochobhom 
Mcnojib30Banncb noKajibHbie cern 

SecnpoBOAHoro Tuna, to ecTb cein, e KOTopbix 
coeAMHeHM^i Me>KAy CTaHi^niRMM nonbsoeaTejiePi 
M ueHTpanbHbiMM ynpaBnjRfOLAHMH ycrpoficTBaMM 
i4ejiMKOM peannsyKJTCjq c noMOLUbra npoBOAOB. 

noflBneHne Ha pbiHKe nopTarnBHbix 
KOMnbioTepoB, TaKMX, KaK nopraTMBMbie 
nepcoHajibHbie KownbioTepbi, onpeAenmio 
noTpe6HOCTb B 6ecKa6enbHbix noKanbHbix 
ceTflx. 

BecKa6enbHafl JioKaribHan cerb yMeHbLuaeT 
aarpaibi na yciaHOBKy, nocKonbKy ncKJiKJHaeT 
HeoGxoAHMOCTb b ycTahOBKe coeAUHMTenbHbix 
KaSeneM. Ceib noAoSHoro TMna mokbt raioKe 
cjoopMnpoBaTbc?! B cjiyHa^ix, KorAa rpyAHO nnn 

HeB03M0>KH0 yCTaHOBMTb COeAMH UTeJIbMblG 

npoBOAa, nanprnviep, b ycrioBUfix OTcyTCTBUi^i 
posGTOK noKanbHbix ceTGM, rin6o npn 

HanuMMM apxMTeKTypHbix orpaHUHeHUM. 

BecKaGenbHafl noKanbHaji ceib mokgt 
npeAcraBJiflTb HAsa-nbHoe pemeHne b 
opraHMsai^nM, b KOTopoM pacnonoKeHUfi 
craHi^nM nonb30BaTeneM nnn hucjio CTaHi^Mii, 
CBfl3aHHbix B CBTb, noABeprafOTCiR HacTbiM 

MSMeheHMflM MJIM MOflMClDMKaUMnM . 

BecKaGenbHa^i noKanbHa^R ceib 
npeACTaBJi5ReT raioKe HAea^bHoe peLueHne atij^ 
opraHi/i3ai4MM, KOTopue nacTO iweHflfOT CBoe 
MecTonono>KeHMe. B 3tom cnyMae 6birio 6bi 
0aKTH4ecKM He^palc^M'^HO n hsskohommmho 
nepeHOCMTb npoBOAHyK) rioKanbHyK) cerb. 

HaKonei^, KaK roBopniiocb Bbiiue, noKanbHafl 
ceTb o6ecneHMBaeT B03M0>KH0CTb oGMena 
AaHHbiMM Aa>Ke nopraTMBHbix nepconanbHbix 

KOMHbHDTepOB, 663 OrpaHMHeHMfl nOABUKHOCTM 
3TMX HOBblX yCTpOMCTB. 

CooTBercTByioLnafl naoepereHUHD ceib 
pa6oTaeT, b HacTHOcru, cornacHO CTaHAapry 
DECT (Digital European Cordless 
Telecommunications - LiMcppoBbie esponei^cKne 
6ecKa6ejibHbie TeneKOMMyHMKaL4iiM), 
pa3pa6oTaHHOMy ETSI, EBponeMCKUM 

MHCTMTyTOM TeJieKOMMyHMKaUMOHHblX 

craHAapTOB, KOTopbiM onpeAenflei 
cneuMcjiMKauMM Ann paAMOCBflsn Me>KAy 
nonbaoBarenflMH n ceibK) b ycnoBMSx nacTHoro 
oKpy>KeHi/ifl. 

CucreMa DECT pa6oTaeT b nonoce nacTOT 
1880-1900 MFl^ m oGecne^MBaeT 



70 



15 



20 



26 



30 



35 



40 



45 



50 



55 



60 



paAHonepeAany nocpeACTBOM ruGpnAHOM 

CMCTSMbl C BpeMeHHbIM M HaCTOTHbIM 

ynnoTHeHneM KanajioB. 

XapaKTepucTMKH craHAapra DECT 
onMCbiBaiOTCfl, nanpMMep, b Digital European 
Cordless Telecommunications Services and 
Facilties (l4Mct)poBbie eBponei^^cKne 

TeneKOMMyHMKai^MOHNbie ycnyrn m cpeACTBa), 
ETSI DR/RES 3003, 3a niOHb 1991 roAa n b 
"Data Services in DECT", A. Bud 
(06cny>KMBaHMe ashhux b DECT, 3. BaA), 
riJiTafl Me>KAyHapoAHafl KOHcjDepeHLiMfl 
MHCTHTyia MH>KeHepoB no sneicrpoHMKe no 
HaasMHof^ nepeABM>KHOi;^ paA^ocBfiSM, YopkiK, 
AeKa6pb 1989 roAa. 

BecnpoBOAHan noKanbHan ceib, 
McnojibayioLAafl paAno Ann ycTaHOBneHUfl cbasm 
Me>KAy MHO>KecTBOM CTaHL^MM nofibsoBaTeneM, 

TAe Ka>KAan COAep>KMT COOTBeTCTByKJLUHM 

TepMMHaji BBOAa AaHHbix, nocpeACTBOM 
HenoABM>KHoro L4eHTpanbHoro ynpasjifliOLLJiero 
ycTpoCicTBa, KOTopoe ynpasjiJieT CBflabio Me>KAy 
TepMMHajiaMM BBOAa AaHHbix b cooiBeTCTBun c 
npeABapMTenbHO onpeAeneHHbiM ciaHAapTOM 
CBflaM, pacKpbiBaeTCfl b EP-A-0257947. B stoC^ 
naBecTHOM 6ecKa6enbHoi)i noKanbHOM ceTM 
Ka>KAbiC^ repMHHan BBOAa AaHHbix cBn3biBaeTC?i 
c OTAenbHbiM HenoABM>KHbiM 

paAno-npneMonepeAaTHMKOM, a LJ,eHTpanbHoe 
ynpaBniRfou4ee ycTpoMCTBO coeAMHiReTCiR c 
HenoABM>KHbiMH paflMo6a3aMM. 

CsTeBbie CMCTSMbl AHi^ nepsAaHU AaHHbix 
paAMocurHanaivin Me>KAy ocHOBHbiM npneiviHbiM 

yCTpOMCTBOM M M HOKGCTBOM paGC^HX CTaHL^Hi^ 

pacKpbiBafOTC?! B PATENT ABSTRACTS OF 
JAPAN (i^noHCKne naTSHTHbie aHHOTaL\Mn), tom 
14, HOMep 229 (E-928), 4172, 15 Man 1990 r. 
M JP-A-0260252. 

B ocHosy n3o6peTeHHfl nocTaBJieHa saAana 
pa3pa6oTaTb cnoco6, noaBonyifoiAMM 
ycoBepmeHCTBOBaTb pa6oTy nsBecTHbix 
6ecKa6enbHbix noKaribHbix ceTeM. 

riocTaBJieHHasq saAana peujaeTcsq tgm, hto b 
cnoco6e o6MeHa A^HHbiMM Me>KAy mhokgctbom 
a6oHeHTCKMX CTaHL^MM no 6ecKa6enbHOM 
jioKajibHOM CGTM '^epe3 i^eHTpanbHyto 
ynpaBJiflfOLnyio CTannnfo, e cooTBeTCTSnn c 

KOTOpbIM LUMpOKyiO nOJIOCy HaCTOT ASJlflT Ha 

MHO>KecTBO (n) KBHanoB (fi-fio) n Ha 3aAaHHoe 
4Mcno BpeMeHHbix cerMeHTOB (2m), cornacHO 
naoGpeTeHHHD nepMOAMHecKM TpancnupyraT c 
L4eHTpajibHOM ynpaBnflK)U4eM CTaHU^MH (C) 
CMmajibi An^i Ka>KAoro us MHO>KecTBa (n) 
KananoB (fi-fio) m Atia Ka>KAoro na BpeiwienHbix 
cerMeHTOB (2 m), nepnoAMHecKH CKannpyfOT 

MHO>KeCTBOM a60HeHTCKMX CTaHUMM (T) 

yKaaaHHbie curnanbi c i^enbio onpeAeneHUfl 
ypoBH^i curHanoB Ka>KAoro m3 MHO>KecTBa (n) 
KananoB (fi-fio) ^ cjDaKra aanyiTOCTH, ni/iBo 
Heaan^iTOCTH BpeMeHHbix cerMeHTOB (2m), 
c|DopMnpyK)T M nepnoAMHecKH KoppeKTupyHDT c 

nOMOLUbfO Ka>KAOM H3 aGOHGHTCKHX CTaHL^MM (T) 

cni/icoK snaMGHUM ypoBHeki curHarioB m 
HesaHfiTbix BpeMeHHbix cerivieHTOB, 
ycTaHaejiMBafOT paAMOceflSb Me>KAy OAHoi^i M3 

BblSpaHHblX a60HeHTCKMX CTaHI^HM (T) M 

i^eHipajibHOM ynpaenaioLL^eM CTaHi^neM (C) e 
cnynae, Korfla Bbi6paHHa^i a6oHeHTCKa5q cTaHij,n?i 
(T) coAep>KMT MHc|DopMai4Mio, noAne>KaLnyK> 
nepeAane, npoM3BOAfiT oGmsh HHcjDopMauneL^ 
Me>KAy yKaaaHHOM Bbi6paHHOM a6oHeHTCKOM 
CTaHi^webi (T) n i^eHTpanbHOM ynpaBJi?iHDLL^eM 
CTaHL4neCi (C) nyTGM Bbi6opa H3 Hucna 
HesaHiRTbix BpeMeHHbix cerMeHTOB c yposneM 
cumana, oOecneHMBatoinnM onTHManbHoe 
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OTHOiueHMe cuman/iuyM. 

L4enecoo6pa3HO noflAepxuBaib paflnocBflSb 
B TeMGHne aaAaHHoro nepMOfla BpewieHU ao 
saBepLueHMfl o6MeHa MHclsopMai^MeM. 

L4enecoo6pa3HO raioKe noflflep>KMBaTb 
paflMOCBflSb B Te«-ieHMe aflanTHBHO saflaHHoro 
nepMOfla BpeweHM Ha ocHOBe CTaTHCTH^ecKnx 

flaHHblX CBfl3HOt^ HarpySKM OTHOCMTenbHO 
BblSpaHHOCl aeOHSHTCKOil CTaHL^MM (T), 

nojiyneHMbix b sapaHee onpeAeneHHbiM nepnoA 
BpeMeHM. 

ripeflnoHTMTenbHO o6ecneHMBaTb 
acMMMerpHHHyK) MHoroKaHanbHyro 
LunpoKonojiocHyio cBflSb c Mcnonb30BaHMeM 
MHOKecTsa cerMeHTOB m3 3aAaHHoro ^Mcna 
BpewieHHbix cerMeHTOB (2m), Mcnojib3yeMbix 
oflHOBpeMeHHO npM ycTaHOBJieHMM yKa3aHHoC^ 

paAMOCB513k1. 

06bNH0 TepMUHanaMM BBOfla flaHHbix y 
CTaHL4MM nonbaoBareneM Moryr 6biTb, Hanpmviep, 
nepcoHajibHbie KownbioTepbi, a 

MaKponpo-L4eccopHoe aflaniepHoe ycipoMCTBO 
Anfl yflo6cTBa M3roTaBJiMBaeTC5i b BUfle 
MMeioLi^ei^ cjDopMaT "nojiosnHHoro pa3Mepa" 
KapTbi MfiM flo^epneC^ nnaibi, BcrpoeHHoi^ b 
nepcoHanbHbiM KOMnbrorep m CB?i3aHHOM c ero 
LunHOki. Aflanrep, raKnivi o6pa30M, 
sanMTbiBaercfl or muHbi repMUHana BBOAa 
flaHHbix, HTo o6ecneHMBaeT AononHHTenbHbie 
yAo6cTBa. 

KpoMS Toro, paAMOMOAyJib nepeAaiHi/iKa n 
npneMHMKa sannTbiBaeic;! or CBjRsaHHOM c hmm 
nnaibi aAanrepa nocpeACTBOM nposoAHUKOB, 
KOTopbie TfiHyTc^i Hepea rn6KHM MHoro>KMJibHbiti 
Ka6enb, coep,\Ah\9i\c[i\iA\A ero c nnaroM, mto 
flBJifieTCfi AonoriHUTenbHbiM npeMMyii^ecTBOM. 

E[i\e OAHO npenMyuj^ecTBO aaKJifOMaerc?! b 
TOM, HTO paAHOMOAyiib nepeAaiHMKa n 
npneMHUKa Ka>KAOM a6oHeHTCKOM CTaHUUM nivieeT 
ABe HeHanpasneHMbie aHTeHHbi atij^ nojiyneHHiq 
npocTpaHCTBeHHoro "pasHoca" fxn9] yjiyHiueHUfl 
xapaKTepucTMK paAMOCB?i3n c HenoABM>KHbiMH 
paAMOMOAyn^iMM nnn SaaaMH. 

MoxeT TaioKe MOHTuposaTbc^i HenoABi/i>KHoe 
L^GHTpanbHoe ynpasnyiHDLnee ycTpoPicTBO ^n9\ 
CBfl3M c HenoABM>KHOM CGibK), HanpuMep, c 
ceTbKD Ethernet, c KonbL4eBoCi ceTbJO c 
scTactDeTHbiM AOCTynoM mjim c ceTbfo Hepe3 
RS232. 

B Aa-nbHeMiueM M3o6peTeHMe noflCHfleTca 
onucaHneM sapnaHTa ero ocyLU,ecTBneHM?i co 
ccbiJiKaMM Ha npMnaraeMbie HepTe>KM, b Hucne 
KOTopbix: 

cf)nr.1 M3o6pa>KaeT 6noK-cxeMy noKanbHoCi 
ceTn, 

cjDnr. 2 - 6jioK-cxeMy. noKasbiBaroiAyfo 
CTpyKTypy aAanTepa m noABM>KHoro 

paAMOMOAyJl^l, CBfl3aHHOrO C Ka>KAblM 

TepMMHanoM BBOAa AaHHbix JiOKanbHOM ceTH, 
noKasaHHOM Ha dpv\r. 1, 

c|DMr. 3 - HacTOTHO-BpeivieHHyio A^arpaiviMy, 
onucbiBaioiAyHD npouecc paAHonepeAaHU 
cornacHO ruGpnAHoC^ cucTeMe c BpeweHNbiM m 
HacTOTHbiM ynnoTHeHneM KahajioB b noKanbHoR 
ceTM no c|DMr. 1 , 

c|DMr.4 - npMMep KaApa Ann acuMMeTpuMHoro 
coeAMHeHMiR c MHOKecTBOM OAHOHanpaBJieHHbix 
KananoB, KOTopoe MO>KeT oSpasoBaTbCfl b 
noKanbHOM ceTM no c|DMr. 1 . 

Ha c|DMr.1 6ecKa6enbHafl noKajibHa5i ceTb 
LAN, o6pa30BaHHafl b cootbstctbhh co 
cnei4Mcf)MKai4MflMM CTSHAapTa DECT, BKnfOMaeT b 
ce65i MHO>KecTBO a6oHeHTCKMX CTanu^nR T m 
HenoABM>KHoe L^eHTpanbHoe ynpasjififoii^ee 
ycrpoMCTBO, o6bNHO o6o3HaHaeMoe C. 
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Ka>KAa5R aSoHeHTCKas CTaHi^nn T coAep>KMT 
cooTBercTByfOLAUM TepMMHan BBOAa AaHHbix, 

KOTOpbIM B 06Ll^eM CJiyHae MO>KeT COCTOSITb H3 

riK)6oro ycTpot^cTBa, TaKoro, KaK npoL^eccop, 
npuHTep M TaK Asinee, KOTopoe mokst nocbinaTb 
m/mtim npMHMMaTb i^ncppoBbie AaHHbie 
nocpeACTBOM ceTM CBn3n. B npuMepe cornacHO 
cpkir.l TepMnnajibi BBOAa AaHHbix a6oHeHTCKMX 
CTaHL\Mii T o6pa30BaHbi nepcoHanbHbiMn 
KOMHbioTepaMM PC, MMeioLUMMM CTaHAapTHyio 
ceTb M nporpaMMHoe o6ecneHeHne Tuna LAN 
Manager. riepcoHanbHbiMii KOMnbHDTepaMii 
MoryT 6biTb, HanpMMsp, ycTpoC^CTBO Olivetti 
I/D33, TAe Ka>KAoe BKniOHaeT KnaBMaTypy K, 
SKpan AMcnnen D b MOAynb o6pa6oTKM AaHHbix 
M. 

Ka>KAbii:^ TepMbiHan BBOAa Aannbix 

COeAHHSeTCfl C COOTBeTCTByfOU^HM nOABM>KHblM 

paAnoMOAyJieM nepeAaTHMKa n npneMHUKa 
(npneMonepeAaTHMKa), oGosHaHSHHbiM IVIRM, 
Tuna, OTBenaiOLAero cneL4McjDHKaL^MflM DECT Afifl 
ct)M3iiHecKoro ypoBHfi. 

MoAyJib o6pa6oTKM AaHHbix M Ka>KAoro 
TepMnnana BBOAa AaHHbix PC coAep>KMT b ce6e 
cooTBeTCTByiOLnee MMKponpoL4eccopHoe 
ycTpoMCTBO aAanTepa, o6o3HaMaeMoe LM. 
MMKponpoi^eccopHbiM aAanTep aAanrnpoBaH k 
pe>KHMy pa6oTbi b KanecTee MHTepcjDeMca Me>KAy 

COOTBeTCTByfOLAUM TepMUHaJlOM BBOAa AaHHbix 

M CByisaHHbiM c Hi/iM noABM>KHbiivi paAnoMOAyAeM 

MRM. C 3TOM LJ,eJ1bHD, KaK cxeMaTMHecKM 
noKaaaHO na cjDnr. 2, MUKponpoueccopHbiM 
aAanTep LM coeAi/iHfieTGa c lumhom AaHHbix DB 
uof\yn^ o6pa6oTKM AaHHbix M TepMMHaria BBOAa 
AaHHbix. AAanTep LM coeAMH?ieTC?i TaKKe c 
noABM>KHbiM paAMOMOAyneM MRM, CB5R3aHHbiivi c 
TepMMHajioM BBOAa AaHHbix nocpeACTBOM 
MHoroKUDbHoro rn6Koro Ka6ejifi CC (cj3ur. 1 n 2). 
L(eHTpajibHoe ynpaBJiaioLnee ycTpoi^cTBO C 

BKTIIOHaeT B Ce65q MHOKBCTBO HenOABUXHblX 

paAHOMOAyneCi mtim 6a3 FRM, ycTaHOBJiSNHbix b 
cooTBeTCTByK3Li4nx npeftBapnTen bho 
onpeAeneHHbix cjDUKCupoBaHHbix MecTax A^sq 
nepeAaMM n npneMa naKeTOB AaHHbix 
noABH>KHbiM paAMOMOAyneM MRM OAHoi?i mdm 
HecKOJibKMX a6oHeHTCKi/ix CTaHL4MM T M OT Hero. 

PaAMo6a3bi RB npMCoeAUHflfOTC^, 
Hanpi/iMep, 3.neKTpMHecKi/iMM npoBOAaMU L k 
MMKponpoi^eccopHOMy KOHi^eHTpaTopy MC, 

KOTOpbIM yCTaHaBJlMBaeTCn B CjDMKCMpOBaHHOIVI 

MBCTe M nporpaMMnpyeTCJi Ha ynpaBnenne 
CB5R3bHD Me>KAy a6oHeHTCKHMM CTaHL4M5qMM T no 
npsABapnTejibHo onpeAerieHHbiM npoueAypaM m 

npOTOKOJiaM, B COOTBeTCTBMfl CO CTaHAapTOM 

DECT, nocpeACTBOM paAHOCBflSM, 

yCTaHOBJieHHOM Me>KAy nOABM>KHblMM 

paAi/iOMOAyns^Mki MRM m paAMo6a3aMki RB. 

□peAnoMTHTenbHO, 4To6bi Mor 

MONTH poeaTbCfl KOHL^BHTpaTop MC Ann cbasm c 
HenoABM>KHoPi ceTbio FN, nanpi/iMep, c csTbio 
Ethernet, c KonbL4eBoC^ ceTbio c acTactDBTHbiM 
AOCTynoM mjim c oeTbio Hepe3 RS232. Mo>KeT 
OKaaaTbcn B03M0>KHbiM npMcoeAMHeHMe k 
HenoABM>KHoPi cstm KOHneHTpaTopoB MC ApyrMX 
jiOKanbHbix ceTet^ LAN. 

MHTerpMpoBaHHan CMCTeMa, onMcaHHan co 

CCblJlKOW Ha C|DHr. 1 , MO>KeT BbinoriHflTb C|DyHKI4MIO 

MHoronopTOBoro MOCTa ypoBHn ynpasjieHMfl 
AOCTynoM k cpeAe (MAC) Ann o6ecneHeHM;i 
nepeAaHM m npMSMa a6oHeHTCKMMM CTaHL^M^iMki 
T naKeTOB AaHHbix, KOTopwe ynaKOBbiBaioTCfl b 
cooTBeTCTBHM c cfJopMaTOM CTaHAapTa DECT m 
noABepraiOTCfl oSMeny no paAHO nocpeACTBOM 
HenoABM>KHoPi nacTM C cuicTeMbi. 3Ta nacTb 

ABMCTByeT B KaneCTBe BblCOKOCKOpOCTHOM 
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CMcreMbi KOMMyTai^MM naKeroB m Hanpaanner 
npuHkiMaeMbie naKeibi nojibaoBarenbCKbiM 
craHL^i/iflM Mecra HaaHa^eHUJi mjih npoBOAHoC^ 
ceTM FN. 

OnucbiBaeMafl CMcreivia paSoraeT b 

CSDOTBeTCTBMM CJO CTaHflapTOM DECT. 

OTBeMaioii^ee CTaHAapiy DECT coeAHHSHne 
Me>Kfly a6oHeHTCKkiMii CTaHi^nnMH T m 
HenoflBM>KHOM HacTbfo C CMcreMbi saMeHner 
TOJibKO ypoBeHb ynpaaneHMfl flocrynoM k cpefle 
(MAC) CMCTeMbi Ethernet. 

Bjiaroflapa jimhuam L paAMoGasbi RB Moryi 
ycTaHaBJinBaTbC5i or KOHL^eHTparopa MC Ha 
paccTOJiHMflx AO nopflAKa 100 m. riyreM 
BbinoriHeHMfl cpyHKi^nPi, raKi/ix, KaK nepeAa^a 
o6cny>KMBaHH5i coeAHHeHMM (handover), 
KOTopbie npeAycMorpeHbi CTaHAapra DECT, 
Moxer ycTaHaBJiMBaTbCfl noMTH noriHafl 
HenpepbiBHocTb o6Gny>KMBaHMn Me>KAy ABywn 
klJIM HeCKOflbKHMM kicnojibsyeMbiMM 

paAMoSaaaMM RB. 

KOHL^SHTpaTOp MC MOKST 6blTb 

cct)opMMpoBaH, HanpuMep, Ha ocHose 
nepconanbHoro KOMnbrorepa Olivetti M300 c 
npoL\eccopoM Intel 386SX, pa6oTaiOLi4MM c 

TaKTOBOM HaCTOTOM 16 Mfl^. 

3tot KOHL^eHTparop BKJiHDHaeT b ce6Fi 
npou^eccopbi rpynnoebix curHanoB BBP, 
ynopfiAOHeHHbiM oSpaaoM coeAHHeHHbie c 
cooTBeTCTByHDLL^MMM CB^isaNHbiMn paAMo6a3aMH 
RB. 

yAo6HO, HTO npoLJ,eccopbi rpynnoBbix 
curHanoB BBP KOHi^eHTparopa MC n 
MHTepcjDeMCHbie aAanrepbi LM aSoHSHTCKoCi 
CTaHi4i/iM T Moryr 6biTb BbinonheHbi b bmab 
MOHTa>KHbix nrar nepcoHajibHoro KOMnbHDTepa c 
cjDopMaTOM nonoBMHHoro pasMepa n Ha npatrrnKe 
Mon/T MMGTb Ty >Ke caiviyfo crpyKrypy Ha 
annapaiypHOM ypoBHe m OTJinHaTbc^i TonbKO Ha 
ypoBHe nporpaMMHoro o6ecneHeHi/ijR. CipyKiypa 
MHTepcj^eMCHoro aAanrepa LM CTanunn 
nonbaoBarenyi Sojiee noApo6HO Syfler onucaHa 

HM>Ke CO CCblJIKOM HB dplAV. 2 

KoHiJ,eHTpaTop MC b iJ,ejiOM o6ecneHi/iBaeT 
ynpaeneHne Bcew cucTeMOM m, b MacTHOCTn: 

- CpyHKl^MOHUpoeaHMe BblCOKHX ypOBHGM 

npoTOKOJiOB DECT, 

- ynpaeneHMe paannHHbiMH pecypcaMi/i ceTH, 

- nepeKJitoneHMe naKeroB AaHHbix m, b 
cnynae Heo6xoAMMOCTM, 

- conp?i>KeHne Me>KAy 6ecKa6ejibHoC^ csTbHD 
LAN M npoBOAHOM ceTbK) FN. 

BbicoKne ypoBHH npoTOKOJiOB DECT 
oGecneHMBaioT ycnyrn, raKwe, KaK 
Bbicx3KOCKopocTHa$i nepeAa^a o6cjiy>KMBaHMfl, 
onosHaBaHMe nonbsoBaTerifl m cosAaHi/ie 
BkipryanbHbix coeAMHeHnCi, KOTopbie 
o6ecneMMBaK)T ycTaHOBneHne cpnanMecKnx 

COeALIHeHMM 603 MaCCMBHblX 06MeH0B AaHHblMM. 

□epsA AaJibHeCiLUMM o6cy>KAeHMeM 

AOCTOMHCTB CTpyKTypbl Ct)yHKUMM yCTpOMCTB LM M 

npoueccopOB rpynnoBbix curHanoB BBP 6yAyT 
noKaaaHbi neKOTopbie xapaKTepucTMKH, 
CBfiaaHHbie C nOABM>KHblMM paAMOMOAyJiflMM 
MRM M c paAMo6a3aMH RB. 

KOHCTpyKTMBHO MOAyJin MRM M RB nOMTM 

OAMHaKOBbi. KaKyxe roBopunocb, mmm flBfiflfOTCsi 
npneMonepeAaTHM KM , cooTBeTCTBytou^Me 
cneL^MClDMKauMflM DECT Anfl cjDnanHecKoro 

ypOBHfl. B COOTBeTCTBMM CO CneL4MCf)MKaLll/|flMM 

DECT, paAMOMOAyriM paSoraiOT b nojioce 
MacTOT 1880 - 1900 Mfi^ na p,ec9iT]A 
pasHeceNHbix Kananax c HHTepBanaMU b 1.728 

M^^. 

06bNH0 MOAynn MoryT MrnoBeHHO 
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nepeAQBaTb MOLi^HocTb OKono 250 mBt c i4MKnoM 
npeAycMaTpusaeMOM aKTHBHOCTH cornacHO 
CTaHflapTy DECT Me>KAy 4 m 96%. 

MoAyJiM Moryr nepeAaBaib curHaribi, 

MOAyJIUpOBaHHbie B COOTBeTCTBMH c 

CpHnbTpOBaHHOM rayCCX3BOM MaCTOTHOM 

MaHnnynni^net^, KOTopafl flBnaeTCfl 
HeKorepeHTHbiM BapnaHTOM rayccxaBot^ 
MaHkinyji5iL^Mki c MkiHMMajibHbiM CABkiroM, b 
KOTopoM BT=0.5 (BT - 3T0 npoMSBeAeHne 
LUnpMHbi nonocbi B McnonbsyeMoro c|DMnbTpa m 
AnnTejibHOCTM T OTAenbHoro CMMBona). 

PaAMOCBJiab Me>KAy MOAyn^MM MRM n 
paAHoOaaaMM RM nponcxoAUT b cooTBeiCTBUM c 
rn6pMAHoi;^ CMCTewioC^ speivieHHoro i/i HacTOTHoro 
ynnoTHeHMfl KanariOB (TDM/FDM) c abomhumh 
CMMnneKCHbiMn m AynneKCHbiMM coeAHHehUflMH. 

riepeAaMa nponcxoAMT bo speivieHHbix 
i^MKJiax MJin KaApax, MMetou^nx AnnTejibHocTb d 
(HanpuMep) 10 mc, pasAeneHHbix (nanprnviep) na 
24 BpeMSNHbix cerMeHia, y KOTopbix, b 

COOTBeTCTBMM CO CneL4MCtiHKai4MflMM DECT, 

nepBa?! norioBMHa (12) o6bNHO Gny>KkiT Ansi 
nepeAaM or paAnoGaa RB nopraTMSHbiM 
paAHOMOAyJiflM MRM, a BTopan nonoBUHa (12) 
Ana nepeAan b npoTHBonono>KHOM 

HanpaBJieHMM. 

Our. 3 noKasbiBaer MMefomyjoca peiueTKy 
BpeivieHHbix MHTepBanoB (240) c AecflTbra 
KaHaiiaMM An^i Ka>KAoro KaApa. B peiueTKe 
BpsM^i t yKasbiBasTCiq na a6ci4Mcce, a nacTOTa 
fi - Ha opAMHare. MacTOTbi, CBflsaHHbie c 
AecfiTbK) KananaMU, yKasbiBawDTCfi ot f ao fio, a 
BpeMeHHbie cerivieHTbi, Ha KOTopbie pasAensieTCfl 
Ka>KAbiM OTAejibHbiM KaAP, HyMepyKDTcn ot 1 ao 
24. 

fljlfl KaAPOB, Ka>KAbli^ M3 KOTOpblX MMeST 

AnmejibHOCTb 10 mc, pasAerieHHyfo na 24 
BpeMeHHbix CferwieHTa, Ka>KAbiM BpeivieHHoC^ 
cerMeHT Miweer AnnrejibHOCTb 416,667 mkc, 
364,667 MKC, H3 KOTopoC^ Moryr ncnonbsoBaTbCfl 
AHfl naKera AaHHbix, a 51 mkc - b KaMecTse 
BpeMeHHoro npoMe>KyTKa (samnTHbiPi MHTepBan). 

YaoGho, mto AynneKCHafl CBSiab c 
BpeMeHHbiM AeJieHneM (TDD) Mcnojibayeicfl Anfl 
AynneKCHbix coeAHHeHMi^, a cerMSHTbi Ha ecex 
MacTOiax McnojibsyioTCfl aha MHO>KecTBeHHbix 
coeAHHeHnC^. 

CneAOBareribHO, paAHOMOAynn MRN m RB 
Tpe6yioT nepenacTpoC^Kii Me>KAy AsyMS 
KaHanaMU na npoTMBonojio>KHbix KOHL^ax 
4acTOTHo£^ nonocbi m nepeKiiKJMeHMn Me>KAy 
nepeAaMeM m npi/ieMOM bo BpeMennoM 
npoMe>KyTKe (aau^MTHOM HHTepBane) Me>KAy 
AByMsq BpeMeHHbiMM cerMeHTaMM. 

ripMHUMaHDLAafl HacTb paAHOMOAyJieCi MRM 
M paAnoGaa RB i/iMeer cyneprerepoAUHHyKD 
apxureKTypy c oahmm KacKaAOM 
npeo6pa30BaHMn. 

KaK cneAyeT na cpur. 1 , Ka>KAa5R paAno6a3a 
RB MMeer cooTBeTCTBytoLL\yfo aHieHHy A, a 
Ka)KAbiC^ M3 noABM>KHbix paAMOMOflyjieM MRM 
a6oHeHTCKMX craHi^MM MMeer Ase aHienHbi A1 m 
A2 Ann nonyneHMfl npocrpaHCTBeHHoro 
pasHeceHMsq, nosBon^iroiAero yjiyHninTb KaHecTBO 
paflMocoeAMHeHMM. 

B BapwaHTe ocyLuecTBJieHMn, noKasahhOM Ha 
cjDMr. 2, Ka>KAoe HHTepcj^eMCHoe ycrpoPicTBO LM, 
CBiqaaHHoe c Ka>KAbiM TepMnnanoM BBOAa 
AaHHbix, coAep>KMT rnasHbiCi MMKponpouieccop 
50 n npoi^eccop curHanoB 51. 

rnaBHbiM MMKponpoi^ecGop 50, KOTopbiM 
o6pa30BaH, nanpniviep, ycTpoMCTBOM V40, 
nponsBOAMMbiM KOMnanneM "HMnnen UneKipnK" 
(Nippon Electric Company), MOKei oSinaTbc^i c 
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LUMHoCi DB CBJiaaHHoro c hmm lepMUHana BBOAa 
flaHHbix nocpeflCTBOM AsyxnopTOBOM naMATH c 
npoMSBoribHoC^ Bbi6opKo£^ 52 n c ApyruM 
Mi/iKponpOL^eccopoM 51 nocpeACTBOM ApyroR 
AByxnoproBoC^ naMATH c nponsBoribHoC^ 

Bbl6opKOM 53. 

MuKponpoi^eccxsp 50 CBnabiBaeTcn c 
naMflTbto nporpaMM 54, HanpuMep, Tuna 
CTMpaeMOM nporpaMMnpyeMOM nocTonHHOM 
naMflTM, M c 6yc|DepHoii naMflTbro c 
npoMSBOJibHOM Bbi6opKoii 55 fxnsi AaHHbix. 

MMKponpo4eccop 50 m nawiflTb 55 
CBfl3biBaHDTcyi c ycrpoi^CTBOM 56 aha 
ynpaBfieHMfi conpii>KeHMeM c nawfiTbio n 
AeKOAMpoBaHMii noproB BBOAa-BbiBOAa. 3to 
ycTpoMCTBO ctDopMnpyercfl KaK HHTerpanbHan 
cxewia ASIC (MHTerpanbHan cxewa aha 
cnei^nanbHbix npnrio>KeHMM) c BbicoKUM ypoBHeM 
MHTerpaL4MM. 

MnKponpoi4eccop 51 flBJineTcn ycrpoMCTBOM 
AHfi o6pa6oTKM L^MCt3poBbix cumajiOB, HanpMMep, 
ycTpoMCTBOM TMS320, MsroTOBJifleMbiM 
KOMnaHneM "TeKcac MHCTpyivieHT", m 
nporpaMMnpyerciR Anfi ynpasjieHMfl 
HH3KoypoBHeBbiMH cjDyHKLiMflMM ynpaBJieHUfl 
AociynoM k cpefle (MAC), raKi/iMn, KaK 
cjDopiviaTMpoBaHne m A^cj^opiviaTMpoBaHMe KaAPOB 
M cerMeHTOB, cnHxpoHnaai^nn cerivieHTOB m 
KaApoB, o6Hapy>KeHMe olum6ok, CKaHMpoeaHne 
KaHanoB cbs^sm h raK A^-nee. 

□poLieccop 51 coeAMHfieTCiR TaK>Ke c 
ycrpoMCTBOM 57, KOTopoe MSBJieKaeT raKTOBbie 
curHajibi H3 curHarioB, npuHUMaeMbix 
noABM>KHbiM paAHOMOAy-nsM MRM, n 
reHepi/ipyer cnHxpoHnanpyfOLAne curHanbi, a 
TaK>Ke ocyinecTBriFieT nfodoe KOAnpoeaHne Anfi 
aaiL^HTbi nepeAaeaeMbix AaHHbix. YcTpoMCTBO 57 
MOKGT TaioKe MaroTaejiMBaTbCFi b bmab 
OAMHOHHOM HHTerpanbHOM cxeMbi ASIC Anfl 
cnei4nanbHbix npnrio>KeHMM. 

YKaaaHHoe ycrpoMCTBO CB^^abiBaercsq c 
6ycjDepoivi 58, KOTopbiM A^i^GTByeT b KanecTBe 
aaiAHTHOM 3aLLJ,enKH. ripoi^eccop 51 
CBfi3biBaeTC?i nocpeACTBOM 6yc^3epa n 
MHoroKunbHoro Ka6en?i CC c ycTpoCiCTBOM 59 b 
noABn>KHOM paAHOMOAy-ne MRM Anfi 
ynpaejieHUfi paAi^ocxeiviaMM nepeAa'-tn 
npneivia 60. ycTpoMCTBO 59 TaK>Ke mokbt 
npOH3BOAHTbCfl B BMAe cneiJtMajiM3MpoBaHHOM 
MHTerpajibHOM cxeMbi ASIC. 

yAo6HO, HTO ycTpoMCTBO LM 3anMTbiBaeTCfi 
OT LUUHbi DB TepMUHana BBOAa ASiHHbix, 
HanpuMep, nocpeACTBOM Asyx npoBOAHUKOB, 
o6o3HaHeHHbix L\]AdppoBO\A no3ni4MeM 60 Ha cf)Mr. 
2. KpoMe Toro, noABii>KHbiC^ paAMOMOAynb MRM 
sannTbiBaioT or MCTO^HUKa ^J^eKTpM'^ecKo^o 
nuTaHMfl aAanrepHoro ycrpoPicTBa LM, 
HanpMMep, nocpeACTBOM AByx npoBOAHUKoa, 

0603HaHeHHblX L4MC|3pOBOM n03HL4Meb1 61 Ha ctDnr. 

2, KOTopbie npoxoA^iT nepes MHoroKMJibHbiM 
cxjeAUHMTenbHbm Ka6enb CC. 

KaK ynoMMHanocb Bbiiue, c annaparypHoC^ 
TOHKM speHMfl, npoL^eccopbi rpynnoBbix curHanoB 
BBP ycTpoRcTBa KOHneHTparopa MC HMeioT ry 
>Ke crpyKiypy, mto m JiorMMecKne moavjim LM, 

BBOAMMbie B TepMMHanbl BBOAa ASlHHblX 

a6oHeHTCKMX CTaHi^Mii^ T. OaKTM^ecKM 
6onbLUMHCTBO c|DyHKL4MM npoi4eccopoB rpynnoBbix 
CMrhaJlOB COOTBeiCTByeT dp)/HKU,]A9\M, 

BbinoriHfleMbiM MOAynflMi/i LM. 3th ct)yHKL4Mi/i 

BKHJOHatOT B Ce6iR, B HaCTHOCTW: 

- co3AaHi/ie m ni/iKBHAaMHK^ cerMeHTHbix 

CTpyKTyp, 

- C03AaHl/ie M JlMKBMAaL\MHD JlOrHHeCKHX 

KaHanoB, 
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- KOHTpOJlb 3a CB060AHblMH KaHaJiaMM BO 
BXCAj^LAHX KOMMyHk1Kai4l/1$1X, 

pacnpocTpaneHHe coo6meHnCi "6e3 
coeAHHeHMfl" h CMCTeMbi nepcoHanbHoro 

Bbl30Ba, 

nepeAa^a o6cny>KMBaHMfl Me>KAy 
nom^ecKMM n "Me>K3neMeHTHbiM" KaHanaMU, 

- ynpasneHMe GbicTpbiMM npoi^eAypawM Ann 
o6Hapy>KeHM5i m McnpaBJieHkin oium6ok. 

MHTepcfDeCicHbie aAanTepbi LM TepMHHanoB 
BBOAa AaHHbix npeAycMaTpMBarar TaK>Ke 
BbinoriHeHMe cneAyioLAMX ct)yHKL^MC^: 

co3AaHMe h o6HO&neHne KapTbi 

MCn0Jlb30BaHM;i 0M3MHeCKMX KahaJlOB CBf13M kl 

Bbi6op Kanana Anfl Ka>KAoro coeAMHeHHfl, 
KOTopoe Aon>KHo ycTaHaBJiMBaTbcsi, m 

peiueHMe ocyiAecTBMTb ni/i6o 
BHyTpMSJieMeHTHyfo, riM6o Me>K3neMeHTHyio 
nepeAany o6cny>KMBaHM5q m ee HHm^nMpoBaHne. 

AAanrepHbie MOAynn LM Aei^ciBytoT TaK)Ke b 
KanecTBe MHTepcjDeMcoB Me>Kfly pe>KMMOM DECT 
M npMKJiaAHbiM OKpy>KeHMeM caDOTBeTCTsyioiAMX 
TepMMHanoB BBOAa AaHHbix. MoAynb LM TaKiiM 
o6pa30M cooTBeTCTByeT ceTesoM onepai^i/ioHHOM 
CMCTeMe (aAMMHMCTpaTopy noKanbHow ceTi/i), 
HaxoAfiLneMCfl b TepMHHane BBOAa AaHHbix, 
TOHHO raKMivi o6pa30M, KaK aAanrep cerM 
Ethernet, nocpeACTBOM CTaHAapTHoro 
MHTepcjDeMca "CneLJ,i/iclDMKai4i/iM HHTepcjDeMcoB 
cereBbix ApaPiBepoB ctDupMbi "MaCiKpococjDT" 
(Microsoft Network Driver Interface 
Specification). 

flea peujafOLUMX Tpe6oBaHi/ijR ati^i 
npuMGHeHMfi cnei^ncjDMKai^MCi DECT b noKanbHOM 
CeTM LAN - 3TO HeoexoAMMOCTb HCn0J1b30BaHMJq 
C MaKCMManbHOM acjOClDeKTHBHOCTblO 

cneKTpanbHbix pecypcoB m Heo6xoAMMocTb 
MUHUMMSnpoBaTb 3aAep>KKy, BHOCMMyio DECT. 
fljiJi AOCTMxeHun o6eMX 3thx i4enei^ 
Heo6xoAHMO ncnojibsoBaTb cnei^nanbHbie 

npOTOKOJIbl. 

TaK KaK noTOK A^iHHbix xapaKTepM3yeTC?i 
KopoTKHMM TpaH3aKiJ,MfiiviM, pacnojiaraeivibiMM 
Me>KAy npoAon>KMTejibHbiMH nay3aMM, 

npeACTaBDiqeTCfl HeB03M0>KHblM coxpaHMTb 
coeAHHeHUfi ivie>KAy CTahm/iflMH nojibsoBaTenePi 

M paAH06a3aMH, nOCTOflHHO OTKpblTblMH BBHAy 

MX cyLU,ecTBeHHoro HeAoncnonb30BaHi/ifl. 
riooTOMy paAMOCoeAHHeHMfl b ceTH 
ycTanaBJiMBafOTCiq TOJibKO rorAa, KorAa ecTb 
AaHHbie AH^i nepeAann, m npepbiBaKDTcyi npn 
OTcyTCTBMM nocneAHMX c TeM, HT06bl 
ocBo6oAHTb paAMOKaHajibi ad^i Mcnonb30BaHMfl 
Apyri/iMM noDbsoBaTenaMM. 

C 3Toi;^ L^enbio rnaBHbiC^ npoi^eccop 50 
Ka>KAoro MOAyJifl LM nporpaMMHpyeTCfl Ann 
pa6oTbi cneAyiOLAMM o6pa30M. 

Ka>KAbm pas, KorAa AaHHbie noABOAflicn k 
6yc|DepHOM nawiATH 55 Ann nepeAaHH 
nocpeACTBOM CBflsaHHoro noABM>KHoro 
paAMOMOAyJifl MRM, rjiaBHbiC^ MMKponpoL4eccop 
50 ycTanaBTiMBaeT paAMOCoeAHHeHne 
nocpeACTBOM MHKponpoL\eccopa 51 (c 
paAHo6a3oR, onpeAeneHHoi)^ HMKe, m c 
i/icnonb30BaHMeM cerMeHTOB Kanana mjim 
4acTOTbi, onpeAeneHHbix HM>Ke). 

PaAHOcoeAHHeHne, ycTaHOBJieHHoe TaKUM 
o6pa30M, coxpaHJieTCfl na npoT5q>KeHiiM Bcero 
BpeMeHM, Heo6xoAHMoro aha nepeAaHH AaHHbix 
B naMflTb 55. flocjie nepeAaHM AaHHbix 
paAHOcoeAMHeni/ie ne saKpbiBaeTCfl cpasy >Ke, a 
coxpaHflGTCfl B TeMGHMe npeABapnTenbHO 
onpeAeJieHHoro nepMOAa Bpewenii. fnaBHbiC^ 
MMKponpoL4eccop 50 McnonbsyeTc^i Ann 

06pa60TKM KpaTKOCpO'^HO^^ CTaTI/ICTHKM, 
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OTHOC5iLneMcn K Tpact)iiKy CBnsM repMHHana 
BBOAa A^HHbix (HanpMMep, Ha nepMOA b nojinaca 
MJiM Hac). SareM paflnocx^eflMHeHne, 
oeecneHMBaioLi^ee nepeflany flaHHbix, 
npepbiBaerc^i c 3aAep>KKoC^ nocne MOMSHTa 
OKOHMaHMfl nepeflaMU flaHHbix, npuMewi 
3aAep>KKa onpeflerifleTcn aflanTHBHO Ha ocHose 
cpeAHero rpacpuKa, KOTopbiC^ AeC^CTBOBan Ha 
TepMUHan BBOAa AaHHbix. 3to yMeHbLuaer 
HeHy>KHbie nayabi, tbk. KaK, b GojibLUUHCTBe 
cnynaeB, ne o6fl3aTenbHO saHOBO 
ycTaHasjiMBaTb paAHOCoeAHHeHne, KorAa Ana 
nepeAaHM nocTynaer nocneAyioLAMC^ hotok 
AaHHbix. 

flnfl Toro 4To6bi Bbi6paTb paAnoeaay, c 
KOTopoM ycraHaBJiMBaeTCfl coeAMHeHne, Ka>KAbm 
aAanrepHbit^ MOAynb LM CTaHi^nn nonb30BaTenfl 
pa6oTaeT cneAytoiAUM o6pa30M. 

B COOTBeTCTBMM CO CTaHAapTOM DECT 

rnasHbiM MHKponpoi4eccop 50 aAanrepa (LM) 
Ka>KAoC^ aSoHeHTCKOM ciaHL^nn Mcnojibsyeicfl 

L^MKHMHeCKM P^9\ CKaHUpOBaHMfl Bcex cerMeHTOB 
Bcex KaharioB nocpeACTBOM CB^aaHHoro 
noABM>KHoro paAHOMOAy-nfi MRM An^i Toro, 
MTo6bi onpeAennTb ypoBeHb curHana, 
M3nyHaeMoro Ka>KAOM HenoABii>KHOM paAnoSaaoM 
RB B Ka>KAOivi cerivieHTe ^^9] Ka>KAoro Kanana 
nnn HacTOTbi. Ha ocHoee oi^eHKH ypoBHeixi 
curhanoB, onpeAerifieMbix tskhm o6pa30M, 
MMKponpoi4eccop 50 MO>KeT ycTahOBi/iTb, KaKaa 
M3 HenoABM>KHbix paAMo6a3 RB flBn^ercfl 
6nM>KaMLJjeCi. Bo epeMiR CKahnpoBaHMfl 
npoiJ,eccop ncnojibsyeTCfi laioKe An^i 
AGKOAMpoBaHM^i curHajioB, yKaabiBatoLUMX a^^^^ 
Ka>KAoro cerMeHra paAMo6a3y RB, KOTopasi 

MO>KeT SblTb aiCTMBHa. 

BnaroAapfi raKoiviy "KapTorpacjDnpoBaHMfo" 
Ann nepeAaHM AaHHbix maeHbiM npoueccop 50 
ycrpoMCTsa LM Ka>KAoro repivinHana 
nojibaoeaTenn moxst BbiGnpaib 6nM>KaMLJjyfo 
paAMoSasy, y KOTopoii ne Bce cenvieHTbi sanflTbi 
B paccMaTpMBaeivibiM mombht BpeivieHM. 

noAo6Ha5q npoi^GAypa nosBonjieT H36e>KaTb 

TLL^eTHblX nonblTOK yCTaHOBMTb 

paAnocoeAMHeHne c paAno6a3oi?i, KOTopa;i, xota 
B fiBJineTCfl Gnn>KaMLuePi, noriHOCTbK) sahnra b 
pacciviaTpMBaeMbiM MoivieHT. 

B cooTBercTBUM CO CTaHAapTOM DECT 
npoL^eccopbi rpynnoBbix curnanoB BBP 
ycTpoMCTBa KOHueHTpaTopa MC i/icnonbsyfOTC^i 
Ana i4MKriMHecKoro CKaHi/ipoBaHMfi KananoB mtim 
HacTOT fi-fio nocpeACTBOM CB^iaaHHbix paAMo6a3 

RB. B MaCTHOCTM, CKaHMpOBaHMS npOMCXOAMT 
CMHXpOHHO C L^MKnUHSCKMM CKaHUpOBaHkieM, 

ocyiAecTBnyieMbiM ycTpoC^CTBaMM LM 
TepMUHanoB nonbaoBaTeneC^. KpoMe Toro, 
rnaBHbie npoi^eccopbi 50 MOAyJieK 
MHTepcjDeacHbix aAanrepoB LM ncnojibsyioTCfl 
AHfi npoBeAeHMfi CKaHkipoBaHUfl na oamh Kanan 
BnepeA- flpyrnMH cnoBaMM, ecjin b xoAe mx 
CKaHMpoBaHkiq HenoABM>KHbie paAMo6a3bi RB 
"onpaLUkiBafOT" Kanan uni/i nacTOTy fi, b tot >Ke 
MOMeHT noABUXHbie paAHOMOAynn 

"onpamnBajoT" KaHan nnn HacTOjy fj+-i. 

Bce 3TO nOSBOJlfieT MUHUMHSHpOBaTb BpeMfi, 

HeoGxoAMMoe Anfi ycTaHoerieHUFi 
paAMOCoeAHHeHMfi Me>KAy TepMnnariOM 
nonbaoBajejifl m HenoABM>KHOM paAnoSasoki. 

rnaBHbie npoLj,eccopbi 50 HHTepcjDeMCHbix 
aAanTepoB LM a6oHeHTCKMX craHHHM \a 
npoueccopbi rpynnosbix curnanoB BBP 
KOHi^eHTparopa MC ncnonbsyforciq 
BbinonHeHM^i npoi^eAyp acuMMerpuHHoro 

COeAUHGHl/l^l 1/1 COeAHHeHM5R C MHOKeCTBOM 

OAHOHanpaBJieHHbix KananoB nepeAa^M ASHHbix 
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craHAapra DECT Ann onpeAeneHun, b KaKOM 
cerMeHje nepeAasaTb. 

npoi4eAypa c MHo>KecTBOM 

OAHOHanpaBJieHHbix KananoB o6ecneHMBaeT 
OAHOBpeMeHHoe npi/icBoeni/ie coeAMHeHUfo, 
CBfl3aHHOMy G OAHOM aeoHeHTCKoCi CTanmieti, 
HecKonbKMX cerMeHTOB (oAHonanpaBnenHbix 
KanajiOB). LLlMpnHa nojiocbi Ann aGoHeHTCKoC^ 

CTaHL^MM, TaKMM 06pa30M, MOKST 

yBejiMHUBaTbCfl, Hanpuwep, ot AynJisKca c 32 
k6/c (oahh OAHOHanpaBJieHHbiM Kanan) ao 
(TeopeTMHecKM), nanpuMSp, AynneKca c 384 
k6/c c ncnonbsoBaHneM Bcex ABeHaAL^aTH nap 
cerMeHTOB (12 OAHonanpaBnenHbix KananoB). 

TaK KaK Tpac|DMK B noKanbHoi?i cein o6bNHO 
OMeHb acMMMerpn^eH, b ^acTHOcri/i, npn 
HeoSxoAHMOCTM MMeib 3Ha4MTenbHbie lumpmhu 
nonce, AOCTynHbie b oahom HanpaaneHMH, 
cnei^McjDMKaL^MM DECT BKJifOHaioT MexaHnawbi, 
KOTopbie o6ecneHMBaioT kicnonbsoBaHMe b 
OAHOM HanpaBneHMM sepxHux m hm>khmx 
cerMSHTOB coeAMHeHM^i. CoeAMHeHiie aioro 
Tuna Aon>KHO o6pa30BbiBaTb nacib coeAHHSHUfl 
c MHOKecTBOM OAHOHanpaBneHHbix lOHanoB, b 
KOTopoC^ no MeHbiueC^ Mepe oaho Apyroe 
coeAHHeHne ocraercfl AynneKCHbiM Anfl 
o6ecneHeHH?i MapiupyTa AnJi ynpasnfi 10114 mx 
AaHHbix B npoTMBonono>KHOM HanpaBneHMH. 
PeaynbTaT cogtomt b tom, hto nonbsoBaTenb 
MOKeT o6paLU,aTbC5R hohtm ko BcePi Lunpune 
nonocbi (352 k6/c) nyTeM aaniiTMiq nonoBUHbi 
cerMeHTOB, KaK noKaaano na cjDMr. 4, hto 

CB^iaaHO C aCMMMeTpUHHblM COeAUHBHUeM c 

MHO>KecTBOM OAHOHanpaBneHHbix KananoB (5, 
1) 

HaKOHei^, nporpaMMHoe o6ecneHeHne, 
Mcnonb3yeMoe b noKanbHOM cgtm LAN, 
BKnionaeT b ce6fi npoueAypbi o6Hapy>KeHMfl m 
McnpaBnennfl OLUneoK b cooTseTCTBHn co 
cnei4MctDHKai4HflMM DECT. Cnei4MctDHKai4MH 
npeAycMaTpuBaiOT na ypoBHe 2 (MAC/DLC) 
HBKOTopbie MexaHM3Mbi, KOTopbie Sbinn 
paapaeoTaHbi cooTBeTCTBeHHO An?i 3tom i^enM n 
rnaBHbie xapaKTepncTHKH KOTopbix TaKOBbi: 

- ynpaBnenne AOCTynoM k cpeAe (MAG) 
o6ecneHMBaeT ycnyri/i, onpeAsn^ieMbie KaK "I p" 
(sau^MLAeHHbiC^ HHCfiopMai^MOHHbiM Kanan), c 
nponycKHoC'i cnoco6HOCTbio 25.6 k6/c na 
coeAHHeHne m KoacfjctDm^MeHTOM oljjm6km 10"^; 
3TM ycnyrn ocHOBanbi Ha MexannsMe noBTopHoC^ 
nepeAaHM, KOTopbit^ OTnunaeTCfl BbicoKUM 
SbicTpoAet^cTBueM m npocTOToi^ GnaroAapn 
McnonbsoBaHMio OAHooKOHHoro naKeja; 

- DLC (ynpaaneHMe KananoM nepeAaHM 
flaHHbix) o6ecneHMBaeT ycnyrn, onpeAeJieHHbie 
KaK "KaAPOBoe pene", KOTopoe saLuniAaioT 
AaHHbie OT nio6bix oium6ok, BHOCMMbix bo BpeM^i 
MSMeneHnC^ nepeAann o6Gny>KMBaHki5i m 
coeflMHeHnyi m ot ocraTOHHbix oljjm6ok Kanana I p. 

B aaKnfOHenne HeoGxoAUMO OTMeTHTb, hto, 
xoT?i npuHunn nao6peTeHM5q ocTaeTCjq 
HeM3MeHHbiM, BapnaHTbi ocyLnecTsneHna n 
AeTanM KOHCTpyKi^nn MoryT mnpoKO 
BapbupoBaTbCjR no cpaBHeHnio c onucannbiMn m 
nponnmocTpupoBaHHbiMM TonbKO b pawKax ne 
BHOcflLJ^ero orpaHMHeHUM npuMepa, 6ea 
MSMeHeHHiq o6-beMa nacTOfiLAero M3o6peTeHMfi. 

(t>opMyna ii3o6peTeHMfl: 

1 . CnocoO o^Mena AaHHbiMM Me>KAy 
MHO>KecTBOM aGoHeHTCKHx CTaHL^nC^ no 
6ecKa6enbHo£^ noKanbHoC^ ceTH nepea 
L4eHTpanbHyio ynpasn^iioLAyio CTaHL^nio, 
npoMSBOAMMoro c npuMenenneM CTaHAapTa 
CBfl3M DECT, ncnonb3y[OL4ero LunpoKyio nonocy 
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HacTOT, pasAeneHHyK) Ha mhokbctbo (n) 
KaHanoB (fi-fio) ^ na saflaHHoe hmcjio 
BpeMeHHbix cerMeHTOB (2m), OTJiMHaioL^HMCfl 
TeM, HTO nepnoAHHecKM TpaHcnupyroT c 
L^eHTpanbHoC^ ynpaBJiflioLAeC^ CTaHL^nn (C) 
CMrHajibi Anfl Ka>Kfloro kia MHO>KecTBa (n) 
KaHanoB (fi-fio) h An?i Ka>Kfloro m BpeMeHHbix 
cerMeHTOB (2m), nepMOflnnecKM CKaHnpyioT 

MHOKeCTBOM a60HeHTCKMX CTaHL4MM (T) 

yKaaaHHbie curHanbi onpeAenenn^i ypoenyi 
curnana Ka>Kfloro H3 MHO>KecTBa (n) KananoB 
(f-i-fio) n coorBBTCTBeHHO onpep,eneH\A9] 
3aH5RTblX HJIH He3aH51TblX BpeMeHHbix cerMeHTOB 
(2m), cjDopMnpyfOT m nepnoflUMecKH 

KOppeKTHpyJOT C nOMOLL^bJO Ka>KAOi?l H3 

a6oHeHTCKHx CTaHi4MM (T) cnncoK 3HaHeHMCi 
ypoBHeti curHanoB \a HeaahflTbix BpeMeHHbix 
cerMBHTOB (2m), ycTanaenMBafOT paflnoceasb 

Me>Kfly OflHOCl M3 BblSpaHHblX aSOHeHTCKHX 

CTaHi4MM (T) M i4eHTpajibHoCi ynpaBJi^iHDL4eM 
CTaHi4neM (C) b cnynae, Korfla Bbi6paHHafl 
aGoHeHTCKafl CTaHL4Myi (T) coAep>KMT 



MHctDopMai4HK), noAne>KaLL^yK) nepeAane, 
npoi/i3BOA5^T o6MeH MHctDopMaL4MeLii Me>KAy 
yKa3aHHOM Bbi6paHHOM a6oHeHTCKoC^ CTani^i/iet^ 
(T) M i^eHTpanbHOM ynpasjisiioLL^eM CTaHi^neM (C). 

2. Gnoco6 no n. 1, oTnuHatoim/iRcfl leiw, hto 
^ noAAep>KHBaK)T paAnocsnab e Te>-ieHMe 

aaAaHHoro nepi/ioAa speMSHM ao saBepujeHM^ 

3. Cnoco6 no n. 1, OTJiMHatou^nMCfl tbm, hto 
noAAep>KLiBaH3T paAi^ocBflSb b TeneHne 
aAanTMBHO saAaHHoro nepnoAa BpeiweHM Ha 

OCHOSe CTaTMCTMHeCKHX AQHHblX CBflSHOC^ 

HarpysKM OTHOcnTejibHO BbiGpaHHoPi 
a6oHeHTCKoPi CTaHL^MM (T), nojiyHeHHbix b 
sapanee onpeAeJieHHbm nepMOA BpeMeHH. 

4. Cnoco6 no n. 1. OTnH^atou^nMCfl tsm, 4to 
/5 o6ecneHMBaioT acuMMeTpuHhyio 

MHoroKaHanbHyjo lUMpoKonojiocHyto csnab c 
ncnojibaoBaHMeM MHO>KecTBa cerMeHTos m3 
saAaHHoro HMcna BpeMeHHbix cerMeHTOB (2m), 
McnojibsyeMbix OAHOBpeMeHHO npn 

ycraHOBneHMM yKasaHHOM paAMOCBnsn. 
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(57) Abstract 

The network enables data to be communicated by radio, in accordance with the DECT standard, between the data termi- 
nals (PC) of a plurality of user stations (1), by means of a fixed central control device (C). Each user station (T) is associated with 
a mobile radio transmitter/receiver module (MRM) which is separate and distinct from the data-terminal (PC), and with an 
adaptor device (LM) which acts as an interface between the data terminal (PC) and the radio module (MRM) and which is physi- 
cally incorporated in the data terminal (PC) and is connected to the radio module (MRM) by a flexible multicore cable (CC). The 
central control device (C) includes a multiplicity of fixed radio modules or bases (RB) and a fixed concentrator (MC) which is 
connected to the fixed radio bases (RB) by connecting lines (L). 
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1 

Cordless local area network (radio LAN) with central unit 



The present invention relates to a local area network 
(a LAN) and, more specifically, to a network of the 
cordless (or wireless) type, particularly a network 
which operates in accordance with the DECT standard to 
enable data to be communicated by radio between a 
plurality of user stations each comprising a respective 
data terminal, by means of a fixed central control 
device . 

Local networks have become increasingly widespread in 
the informatics and telematics world for short-range 
connections for enabling the transmission and 
distribution of data and services between a plurality 
of users within the same area, for example, in the same 
building. A local network enables many data terminals 
of different kinds, such as personal computers (PCs), 
minicomputers, printers, etc. to be connected in an 
extremely flexible manner, enabling very fast 
transmission speeds of the order of hundreds of 
thousands of Kbits/sec. 

Dp to now, most local networks have been of the wired 
type, that is, of the type in which the connections 
between the user stations and the central control 
devices are formed entirely by wires. 

The appearance on the market of portable computers such 
as laptop personal computers, has created a need for 
cordless LANs. 

A cordless local area network reduces installation 
costs because it eliminates the need to install 
connecting cables. This type of network can also be 
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formed in situations in which it would be difficult or 
impossible to install connecting wires, such as, in 
buildings which do not have sockets for LANs or in 
which there are architectural constraints. 

A cordless LAN network may represent the ideal solution 
in an organisation in which the positions of the user 
stations or the number of stations connected in the 
network are subject to frequent changes or 
modifications . 

A cordless LAN also represents the ideal solution for 
organisations which are subject to frequent changes of 
location. In this case, it would in fact be neither 
practical nor economical to transfer a wired LAN. 

Finally, as stated above, a LAN network enables data to 
be communicated even by portable personal computers, 
without limiting the mobility of these new devices. 

The network according to the invention operates in 
accordance with the DECT (Digital European Cordless 
Telecommunications) standard developed by ETSI - the 
European Telecommunications Standards Institute - which 
defines the specifications for radio connections 
between users and a network in a private environment. 

The DECT system operates in the band between 1880 MHz 
and 1900 MHz and provides for radio transmission by 
means of a hybrid time and frequency multiplex system. 

The characteristics of the DECT standard are described, 
for example r in "Digital European Cordless 
Telecommunications Services and Facilities", ETSI 
DR/RES 3003 r June 1991 and in "Data Services in DECT", 
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A. Bud, Fifth International lEE Conference on Land 
Mobile Radio, Warwick, December 1989. 

The cordless local area network according to the 
invention is characterised in that the data terminal of 
each user station is associated with: 

- a mobile radio transmitter/receiver module which is 
separate and distinct from the data-terminal, and 

- a microprocessor adaptor device for acting as an 
interface between the data terminal and the associated 
mobile radio module, the adaptor device being 
incorporated physically in the data terminal and 
connected to the mobile radio module by a flexible 
multicore cable, 

and in that the central control device includes: 

a multiplicity of radio modules or bases for 
installation in respective predetermined fixed 
positions and for transmitting/ receiving packets of 
data to/ from the radio module of one or more user 
stations, and 

- a microprocessor concentrator (hub) which is intended to be 
installed in a fixed position and to be connected to 
the fixed radio bases and which is programmed to 
control the communications between the user stations by 
means of the radio bases, according to predetermined 
procedures and protocols. 

Typically, the data-terminals of the user stations may, 
for example, be personal computers and the 
microprocessor adaptor device is conveniently produced 
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in the form of a "half-size"-fonnat card or daughter 
board incorporated in the PC and connected to the bus 
thereof. The electrical supply for the adaptor is thus 
conveniently derived from the data-terminal bus. 

Moreover, the transmitter/ receiver radio module to 
advantage takes its electrical supply from the 
associated adaptor board by means of conductors which 
extend through the flexible multicore cable connecting 
it to the board. 

To advantage, each user station radio 
transmitter /receiver module has two omnidirectional 
antennae for achieving space "diversity" to improve the 
characteristics of the radio connection with the fixed 
radio modules or bases. 

Conveniently, but not necessarily, the fixed central 
control device may be arranged for connection to a 
fixed network, for example ^ an Ethernet network or a 
Token Ring or RS232 network. 

Further characteristics and advantages of the invention 
will become clear from the following detailed 
description of a cordless LAN network operating in 
accordance with the DECT standard, the description 
being given with reference to the appended drawings, 
provided purely by way of non- limiting example, in 
which : 

Figure 1 is a block diagram of the LAN network. 

Figure 2 is a circuit diagram showing the structure Of 
an adaptor and a mobile radio module associated with 
each data-terminal of the LAN network shown in Figure 
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Figure 3 is a time/ frequency diagram relating to the 
manner m which radio transmission is effected 
according to a hybrid TDM/FDM system in the LAN network 
of Figure 1, and 

Figure 4 shows an example of a frame for an asymmetric 
multi-bearer connection which can be formed in the LAN 
network of Figure 1. 

With reference to Figure 1, a cordless local area 
network LAN formed in accordance with the 
specifications of the DECT standard includes a 
plurality of user stations T and a fixed central 
control device, generally indicated C. 

Each user station T includes a respective data terminal 
which, in general, may be constituted by any device, 
such as a processor, a printer, etc., which can send 
and/or receive digital data by means of a 
communications network. In the embodiment shown by 
way of example in Figure 1, the data terminals of the 
user stations T are constituted by personal computers 
PC having standard network and applications software of 
the LAN Manager type. The personal computers may, for 
example, be Olivetti 1/D33 devices, each including a 
keyboard K, a display screen D and a processing module 
M. 

Each data terminal PC is connected to a respective 
^ mobile radio transmitter/receiver (transceiver) module 

indicated MRM, of a type conforming to the DECT 
specifications for the physical layer. 
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The processing module M of each data- terminal PC 
incorporates a respective microprocessor adaptor 
device, indicated LK^ The microprocessor adaptor is 
suitable for acting as an interface between the 
respective data terminal and the associated mobile 
radio module MEM. For this purpose^ as shown 
schematically in Figure 2, the microprocessor adaptor 
LM is connected to the data bus DB of the processing 
module M of the data terminal. The adaptor LM is also 
connected to the mobile radio module MRM associated 
with the data terminal by means of a multicore flexible 
cable GC (Figure 1 and 2) • 

The central control device C includes a multiplicity of 
fixed radio modules or bases FRM installed in 
respective predetermined fixed positions for 
transmitting/ receiving packets of data to/ from the 
mobile radio module MRM of one or more user stations T, 

The radio bases RB are connected, for example, by 
electrical wires L,^ to a microprocessor concentrator MC 
which is installed in a fixed position and is 
programmed to control the communications between the 
user stations T by predetermined procedures and 
protocols, in accordance with the DECT standard, by 
means of radio connections established between the 
mobile radio modules MRM and the radio bases RB. 

Preferably, but not necessarily, the concentrator MC 
may be arranged for connection to a fixed network FN, 
for example an Ethernet network or a Token Ring or RS 
232 network. Concentrators MC of other local networks 
LAN may possibly be connected to the fixed network. 

The integrated system described with reference to 
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Figure 1 can perforin the function of an MAC (medium 
access control) level multi-port bridge to enable the 
user stations T to transmit and receive packets of data 
which are packaged in accordance with the DECT standard 
format and are exchanged by radio, by means of the 
fixed portion C of the system. This portion acts as a 
very rapid packet- switching system and directs the 
packets received towards the destination user stations 
or towards the wired network FN. 

The system described operates in accordance with the 
DECT standard. The DECT standard connection between 
the user stations T and the fixed portion C of the 
system replaces only the MAC level of the Ethernet 
system. 

By virtue of the lines L, the radio bases RB can be 
installed up to distances of the order of 100 metres 
from the concentrator MC, By carrying out functions/ 
such as connection handover, which are provided for in 
the DECT standard, almost complete continuity of 
service between the two or more radio bases RB used can 
be established. 

The concentrator MC may be constituted, for example, by 
an Olivetti M3 00 personal computer with an Intel 385Sx 
processor operating at 16 MHz. 

This concentrator incorporates baseband processors BBP 
connected in an orderly manner to respective associated 
radio bases RB. 

Conveniently, the baseband processors BBP of the 
concentrator MC and the interface adaptors LM of the 
user station T may be in the form of half-size format 
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PC circuit boards and, in practice, may conveniently 
have the same structure at the hardware level and be 
differentiated only at the software level. The 
structure of an interface adaptor LM of a user station 
will be described in greater detail below with 
reference to Figure 2» 

The concentrator MC as a whole is responsible for 
controlling the entire system and, in particular: 

- the functioning of the high levels of the DECT 
protocols, 

_ the control of the various resources of the network, 

- the switching of the packets of data, and possibly 

_ the interfacing between the cordless network LAW and 
the wired network FN. 

The high levels of the DECT protocols provide for 
services such as fast handover, user authentication and 
the creation of virtual connections which enable 
physical connections to be established without massive 
exchanges of data. 

Before the merits of the structure of the functions of 
the LM devices and of the band base processors BBP are 
discussed further, some characteristics relating to the 
mobile radio modules MEM and to the radio bases EB will 
be set out. 

Structurally, the modules MEM and RB are almost 
identical. As already stated they are transceivers 
conforming. to the DECT specifications for the Physical 
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Layer. In accordance with the DECT specifications, 
the radio modules operate in the band between 1880 MHz 
and 1900 MHz on ten channels spaced at 1. 728 MHz 
intervals. 

Typically, the modules can instantaneously transmit a 
power of about 250 mW with an envisaged activity cycle 
according to the DECT standard of between 4% and 96%. 

The modules can transmit signals modulated according to 
filtered Gaussian FSK which is a non-coherent version 
of GMSK in which BT = 0,5 (BT is the product of the 
bandwidth B of the filter used and the duration T of 
the individual symbol) . 

Radio communications between the MEM modules and the 
radio bases RM take place according to a hybrid time 
and frequency multiplex system (TDM/FDM) with double 
simplex and duplex connections. 

Transmission takes place within time cycles or frames 
having durations d of (for example) 10 ms, divided (for 
example) into 24 slots, of which, in accordance with 
the DECT specifications, a first half (12) normally 
serve for transmissions from the radio bases RB to the 
portable radio modules MRM and the second half (12) for 
transmissions in the opposite direction. 

Figure 3 shows the grid of the slots (240) available 
with ten channels for each frame. In the grid, the 
time t is indicated on the abscissa and the frequency f 
is indicated on the ordinate. The frequencies 
associated with the ten channels are indicated f^-f^^ 
and the slots into which each individual frame is 
divided are numbered 1-24. 
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With frames each of 10 ms divided into 24 slots, each 
slot has a duration of 416.667 ms of which 364.667 
can be used for a packet of data and 51 >us as a time 
interval (a guard space) - 

conveniently, a time-division duplex (TDD) is used for 
duplex connections and slots at all the frequencies are 
used for multiple connections. 

The radio modules MEM and RB therefore need to be able 
to retune themselves between two channels at opposite 
ends of the band and to switch between transmission and 
reception within the time interval (the guard space) 
between two slots. 

The receiving portions of the radio modules MRM and of 
the radio bases RB conveniently have superheterodyne 
architecture with a single conversion stage. 

A-s is clear from Figure 1, each radio base RB has a 
respective antenna A and the mobile radio modules MRM 
of the user stations each have two antennae Al and A2 
for achieving space diversity in order to improve the 
quality of the_ radio connections . 

in the embodiment shown in Figure 2, each interface 
device LM associated with each data terminal includes a 
main microprocessor 50 and a signal processor 51. 

The main microprocessor 50 which is constituted, for 
example, by a V40 device produced by Nippon Electric 
company, can converse with the bus DB of the associated 
data terminal by means of a dual-port RAM memory 52 and 
with the ether microprocessor 51 by means of another 
dual-port E3^ memory 53 . 
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The microprocessor 50 is associated with a program 
memory 54, for example, of the EPROM type and a RAM 
buffer memory 55 for the data. 

The microprocessor 50 and the memory 55 are associated 
with a device 56 for controlling the interfacing with 
the memory and decoding the I/O ports. This device is 
conveniently formed as a large-scale integration ASIG 
integrated circuit (an application-specific integrated 
circuit) . 

The microprocessor 51 is a device for processing 
digital signals, for example, a TMS320 device produced 
by Texas Instruments and is programmed to control 
low- level MAC functions such as the formatting and 
deformatting of the frames and of the slots, the 
synchronisation of slots and frames, the detection of 
errors, the scanning of the communication channels, 
etc. 

The processor 51 is also connected to a device 57 which 
extracts the clock signals from the signals received by 
the mobile radio module MRM and generates the timing 
signals and also effects any' coding for protecting the 
data to be transmitted. The device 57 may also 
conveniently be produced in the form of a single ASIC 
integrated circuit. 

This device is associated with a buffer 58 which acts 
as a protection latch. The processor 51 is connected 
by means of the buffer and the multicore cable CC to a 
device 59 within the mobile radio module MRM for 
controlling the radio transmission/reception circuits 
60. The device 59 may also conveniently be produced 
in the form of an ASIC integrated circuit. 
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Conveniently, the device LM draws its electrical supply 
from the bus DB of the data terminal^ for example, by 
means of the two conductors indicated 60 in Figure 2. 
Moreover, the electrical supply of the mobile radio 
module MRM to advantage is derived from that of the 
adaptor device LM, for example ^ by means of two 
conductors indicated 61 in Figure 2, which extend 
through the multicore interconnecting cable CC. 

As stated above |. from a hardware point of view, the 
baseband processors BBP of the concentrator device MC 
have the same structure as the logic modules LM fitted 
in the data terminals of the user stations T. In fact 
most of the functions of the baseband processors 
correspond to functions carried out by the modules LM. 
These functions include, in particular: 

- the creation and dismantling of the slot structures, 

- the creation and dismantling of logic channels, 

- the monitoring of the free channels in the incoming 
communications r 

- the propagation of "connectionless" and "paging" 
messages ,^ 

- handover between logic and "inter-cell" channels, 

- the control of rapid procedures for detecting and 
correcting errors. 

The interface adaptors LM of the data terminals are 
arranged also to perform the following functions: 
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- the creation and updating of a map of the usage of 
the physical communications channels and the selection 
of the channel for each connection to be established, 
and 

the decision to effect either intra-cell or 
inter-cell handover and the initiation thereof • 

The adaptor modules LM also act as interfaces between 
the DECT environments and the applications environments 
of the respective data terminals. The module LM thus 
responds to the network operating system (the LAN 
manager) resident in the data terminal in exactly the 
same manner as an Ethernet network adaptor by means of 
a Microsoft Network Driver Interface Specification 
standard interface. 

Two critical requirements for the application of the 
DECT specifications in a local area network LAN are the 
need to use the spectral resources with maximum 
efficiency and the need to minimise the delay 
introduced by the DECT, In order to achieve both 
these objectives, it is necessary to use specific 
protocols. 

Since the data traffic is characterised by short 
transactions interposed between long silences it is 
inconceivable to keep the connections between the user 
stations and the radio bases open permanently since 
they would be massively underused. The radio 
connections are therefore established in the network 
only when there are data to transmit and are closed 
during periods of inactivity in order to free radio 
channels for use by other users. 
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For this purpose r the main processor 50 of each module 
LM is programmed to operate in the following manner. 

Each time data are admitted to the buffer memory 55 for 

transmission by means of the associated mobile radio « 

module MRM^, the main microprocessor 50 sets up a radio 

connection by means of the microprocessor 51 (with a 

radio base determined in the manner which will be 

described below and with the use of slots of a channel 

or frequency determined in the manner which will also 

be described below) . The radio connection thus opened 

is maintained throughout the time necessary for the 

transmission of the data in the memory 55. After the 

data have been transmitted the radio connection is not 

closed immediately but is kept open for a predetermined 

period of time. Conveniently, the irtain microprocessor 

50 is arranged to process a short-term statistic 

relating to the communications traffic of the data 

terminal (for example, over a period of half an hour or 

an hour) . The radio connection opened for the 

transmission of data is then closed with a delay after 

the moment at which the transmission of data is 

completed, the delay being determined adaptively on the 

basis of the mean traffic which has affected the data 

terminal. This reduces useless periods since, in many 

cases, it is not necessary to reopen the radio 

connection when a further flow of data arrives for 

transmis sion . 

In order to select the radio base with which to 
establish the connection, each user station adaptor 
module LM operates in the following manner. 

In accordance with the DECT standard, the main 
microprocessor 50 of the adaptor CLM) of each user 
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station is arranged cyclically to scan all the slots of 
all the channels by means of the associated mobile 
radio module MRM in order to detect the level of the 
signal emitted by each fixed radio base RB in each slot 
for each channel or frequency. On the basis of the 
levels of the signals thus detected, the microprocessor 
50 can establish which is the nearest fixed radio base 
RB. The processor is also arranged, during the 
scanning, to decode the signals indicative, for each 
slot, of the radio base RB which is (possibly) active. 

By virtue of this "mapping", in order to transmit data, 
the main processor 50 of the device LM of each user 
terminal can select the nearest radio base of which not 
all the slots are occupied at the time in question. 

This procedure avoids futile attempts to establish a 
radio connection with a radio base which, although it 
is the nearest, is fully occupied at the time in 
question. 

In accordance with the DECT standard, the baseband 
processors BBP of the concentrator device MC are 
arranged to scan the channels or frequencies f - f^Q 
cyclically by means 'of the associated radio bases RB. 
In particular, the scanning takes place in synchronism 
with the cyclical scanning effected by the devices LM 
of the user terminals- Moreover, the main processors 
50 of the interface adaptor modules LM are arranged to 
carry out the scanning one channel in advance. In 
other words, if, in the course of their scanning, the 
fixed radio bases RB are "interrogating" the channel or 
frequency f^, at the same moment, the mobile radio 
■w modules are "interrogating" the channel or frequency 

^i+1 • 
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This minimises the time needed to establish a radio 
connection between a user terminal and a fixed radio 
base. 

Conveniently, the main processors 50 of the interface 
adaptors LM of the user stations and the baseband 
processors BBP of the concentrator MC are arranged to 
carry out the DECT Multibearer and Asymmetric 
Connection procedures in order to determine in which 
slot to transmit. 

The multibearer procedure enables several slots 
(bearers} to be assigned simultaneously to the 
connection associated with a single user station. The 
bandwidth available for a user station may thus be 
increased from, for example, 32 kb/s duplex Csihgle 
bearer) up to (theoretically), for example, 384 kb/s 
duplex with all twelve pairs of slots (12 bearers) in 
use. 

Since the traffic in a local area network is typically 
very asymmetrical with the need to have considerable 
bandwidths available in one direction in particular, 
the DECT specifications include mechanisms which enable 
the uplink and downlink slots of a connection to be 
used in a single direction. A connection of this type 
must form part of a multibearer connection in \diich at 
least one other connection remains duplex to provide a 
route for control data in the opposite direction. The 
result is that a user can access almost the whole of 
the bandwidth (352 kb/s) by occupying half of the slots 
as shown in Figure 4, which relates to an asymmetric 
multibearer connection (5, 1) . 

Finally, the software used in the network LAN 



wo 93/07684 



PCr/EP92/02230 



17 

conveniently includes procedures for detecting and 
correcting errors in accordance with the DECT 
specifications. The specifications provide for, at 
the level 2 (MAC/DLC) , some mechanisms which have been 
developed appropriately for this purpose, and the main 
characteristics of which are the following: 

- the MAC provides a service defined as an "Ip" (a 
protected information channel) with a throughput of 
25.6 kb/s per connection and an error factor of lO"*^; 
this service is based on a retransmission mechanism 
which is quick and simple by virtue of the use of a 
single window packet; 

- the DLC (data link control) provides a service 
defined as "Frame Relay" which protects the data 
against any errors introduced during handover and 
connection changes and against residual errors of the 
Ip channel. 

Naturally, the principle of the invention remaining the 
same, the forms of embodiment and details of 
construction may be varied widely with respect to those 
described and illustrated purely by way of non-limiting 
example, without thereby departing from the scope of 
the present invention. 
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CLAIMS 

1 A cordless local area network (LAN) for enabling 
data to be coimunicated by radio between a plurality of 
user stations (T) each comprising a respective data 
terminal (PC), by means of a fixed central control 
device (C), in accordance with the DECT standard, 

characterised in that the data terminal (PC) of each 
user station (T) is associated with: 

- a mobile radio transmitter/receiver module (MEM) 
which is separate and distinct from the data terminal 
(PC) , and 

- a microprocessor adaptor device (LM) for acting as an 
interface between the data terminal (PC) and the 
associated mobile radio module (MRM) , the adaptor bexng 
incorporated physically in the data terminal (PC) and 
connected to the mobile radio module (MEM) by a 
flexible multicore cable (CC) , 

and in that the central control device (C) includes: 

_ a multiplicity of -radio' modules or bases (EB) for 
installation in respective predetermined fxxed 
positions and for transmitting/receiving packets of 
data to/from the mobile radio module (MRM) of one or 
more user stations (T) , and 

- a microprocessor concentrator (MC) which is intended 
to be installed in a fixed position and to be 
connected, by connecting lines (L) , to the fixed rada.o 
bases (RB) and which is programmed to control the 
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communications between the user stations (T) by means 
of the radio bases (RB) , according to predetermined 
procedures and protocols. 

2. A local area network according to Claim 1, in which 
each data terminal (PC) includes a data bus (DB) , the 
network being characterised in that the microprocessor 
adaptor (LM) associated with each data terminal (PC) 
includes: 

- means (51-58) for activating/de-activating the radio 
connection, 

- a buffer memory (55) , and 

- a main microprocessor (50) which is connected to the 
data bus (DB) of the data terminal (PC) , to the buffer 
memory (55) , and to the means (51-58) for 
activating/de-activating the radio connection, the main 
microprocessor (50) being arranged: 

to control the exchange of data with the data terminal 
(PC) in a predetermined manner, 

to admit to the buffer memory (55) the data which are 
to be transmitted by the associated mobile radio module 
(MRM) , and 

to pilot the activating/de-activating means (51-58) in 
a manner such as to activate a radio connection each 
time data are stored in the memory (55) and to keep the 
radio connection open for a predetermined period of 
time after the transmission of the data in the memory 
(55) has been completed. 
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3. A local area network according to Claim 2, 
characterised in that the main microprocessor (50) is 
arranged to pilot the activating/de-activating means 
(51, 51 r 58) in a manner such that, upon completion of 
the transmission of the data in the memory (55) , the 
radio link is kept open for a period of time which is 
determined adaptively on the basis of a communications 
traffic statistic relating to the data terminal (PC) 
and calculated over a predetermined period of time, 

4. A local area network according to any one of the 
preceding claims in which |. in accordance with the DECT 
standard, the radio communications between the mobile 
radio modules (MEM) and the fixed radio bases (RB) take 
place according to a mixed time and frequency multiplex 
system (TDM, FDM) on n channels or frequencies (f^^ - 
f^^) within a predetermined band with time cycles 
(frames) of predetermined duration, divided into a 
predetermined number (2m) of time slots, and in which 
the main microprocessor (50) of the adaptor (LM) of 
each user station (T) is arranged: 

- to scan all the 2m x n slots of all the n channels 
(f^ - cyclically by means of the associated mobile 

radio module (JMRM) and to detect the level of the 
signal emitted by each fixed radio base (RB) in each 
slot for each channel or frequency and thus to 
determine which radio base (RB) is nearest the user 
station (T) , 

the network being characterised in that the main 
microprocessor (50) is also arranged, during the 
scanning, to decode the signals indicative of the radio 
base (RB) which is (possibly) active in each slot and 
to select - in order to transmit data - the nearest 
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radio base (RB) for which not all the slots are 
occupied . 

5. A local area network according to any one of the 
preceding claims, characterised in that the 
concentrator device (MC) includes a multiplicity of 
baseband processors (BBP) each of which is associated 
with and connected to a respective fixed radio base 
(RB) and is arranged to perform the functions up to 
level 2 of the hierarchy of DECT protocols. 

6 • A local area network according to Claim 5 , 
characterised in that the baseband processors (BBP) are 
arranged to scan the transmission channels or 
frequencies (f^ - f-^^^) cyclically , in accordance with a 
predetermined sequence, by means of the associated 
radio bases (RB) , and in that the main processors (50) 
of the adaptors (LM) of the user stations (T) are 
arranged to scan the transmission channels or 
frequencies (f^^ - ^lo^ "^^ synchronism with the baseband 
processors (BBP) but one channel in advance thereof* 

7. A local area network according to any one of Claims 
2 to 6 / characterised in that the main processors (50) 
of the adaptors (LM) of the user stations (T) and the 
baseband processors (BBP) of the concentrator (MC) are 
arranged to effect the DECT multibearer and asymmetric 
connection procedures in order to determine the slots 
in which to transmit. 

8. A local area network according to any one of the 
preceding claims, characterised in that the adaptor 
(LM) of each user station (T) is formed on a half-size 
format PC-AT circuit board. 



wo 93/07684 



PCr/EP92/02230 



22 

9» A local area network according to one of Claims 5 to 
Sr characterised in that the baseband processors (BBP) 
are incorporated in the concentrator device (MC) and 
are supplied thereby. 

10. A local area network according to any one of the 
preceding claims, characterised in that each mobile 
radio module (MRM) receives its electrical supply from 
the associated adaptor (LM) by means of the multicore 
cable (CC) which interconnects them. 

11. A local area network according to any one of the 
preceding claims ^ characterised in that each mobile 
radio module (MEM) has a pair of antennae (Al, A2) for 
achieving space "diversity". 

12. A local area network according to Claim 11, 
characterised in that each fixed radio base (RB) has a 
single antenna (A) • 

13. A local area network according to any one of the 
preceding claims, characterised in that the 
concentrator (MC) can be connected to a fixed network 
(FN) such as an Ethernet or Token Ring network and can 
converse therewith. 

14. A local area network according to Claims 1 and 5, 
characterised in that the adaptors (LM) of the user 
stations (T) and the baseband processors (BBP) of the 
concentrator (MC> are foanned by circuit boards which 
are identical from the hardware point of view but which 
are differentiated at the software level. 
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Abstract of TW 230525 (B) 

Techniques for transmitting data from a transmitter unit to a receiver unit in a multiple- 
input multiple-output (MIMO) communication system. In one method, at the receiver 
unit, a number of signals are received via a number of receive antennas, with the 
received signal from each receive antenna comprising a combination of one or more 
signals transmitted from the transmitter unit. The received signals are processed to 
derive channel state information (CSI) indicative of characteristics of a number of 
transmission channels used for data transmission. The CSI is transmitted back to the 
transmitter unit. At the transmitter unit, the CSI from the receiver unit is received and 
data for transmission to the receiver unit is processed based on the received CSI. 
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H 2A^D 2B ' ^ - m $^ M ik CSI^ ^ ^ 
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0^1 - # # if # ' ^t. t ;t ;^ t i# ^ 6<j ^ A ' ;5L 
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MIMO .t^ 1 00 |S] B# ^ it it -ft ^ m 6^ # fij 5^ i,^ 3^ it ffl 

# # ^ = ^ #'J it ^ # ^ 4$. M -fit- :f |i] 6ti 2 r«T ^ 

m fl^ ^ ' & ^ # 1^ ^ m -i-t '.'1 f -r^ - 2 r«T ^ I*, 6^ 
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^ 'ft ° ' ^ at 5€ it ^ * # ^# it # ^ il 
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- -f© -'i-' j?i it- jii ( ^ - « " .^t " ^ m it -ft ^i^ m ) t ' 

if- # 'i^ffS ^ ^ M ^ 6^ # ♦b'J ^ t :^ # # ^ - # 

.y^ Ak. n .^^ ° -t it ^ ft # it ^ ^ -f^ 6<i B# ^ ic. # it 
SN R-f^ 6^} B# ^ # it # ^ B# ' fjl T n it ^ sfet ^ 

it it .tl = it MIMO it it % ^ it ii.it ^4 hi] ^ t$, 
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i)il *^ 1^ ffe = ^ ' 

^ il -ft 1 00 ^-X M 1±7 ^ -fm $t it # ^ ° ^itt' -t 
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dimensionality ' bjJ — -f® MIMO M T fie R t± » 5^ ,^ jtt 
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SNR ; ^ — m OFDM^ MIMO 1^ ^ # — -fU 2 W i'J ^ it 

^ ^ - -fin # 4^ S'J it SNR) = «(5 ^ csi^ m.^ -k^^^^^^^ 
is '^l it 6^ SNR.4 51 it ^ - -fin # M it # ( ^?'J it # it 

# it -t 6^ .Hi i« € if t ) ° 

1^ # ffl 1 ' - {IS TX MIMO^ 1% m- 120# ilit ^ TX^# # 
>^f£li-114t6^ji;il«Al^tt ' >-Xil:#trit'^|i-^itMIMOMit# 
^ If ^ ° TX MIMO.^ S H I20m A ^ # {^ J?] ^ 

^ csi^ M ^ # ^> csi;^ s rTfi ;t ' M- T ^if = 

^ 4^ CSl;^ i% t ' TX MIMO^ m. H 120T ^ ^ m 
*A If Sfe ^ i * ^ #'J .^t) ° ^ WL 4^ CSl A m. rJh f ' TX 
MIMO>& S H 1 20it ^ ^ it ^ iiS] If ft ^ ° ^ T ^ 
i4 t>t it ^ ^ CSl MIM0>4 i£ it 5)- CSl MIMO^ J£ - fJt 

- m it m ± CSl A ^ ^ is. m ofdm^ mimo .?n 

t: ' TX MIMO;^ If 120il: ^ - 'fil ^ ^ ^>J ^ ^ If !st 

^ - -f^ # 1^ 4i . ^ t " - -fin ^ ^ *'J € If !t/ B# f.^ ^ ^ " ° 

# - 'fig ^ ^ ijii If It ^- ig ^ Nciis 2 r^^ s'j M it ^ - 
-fig # ;t B# r«l ^ Ji ^ Nc'fii iiii S If..^ ^ - in {^o iiv^) la. 

° M.- im it m ^ ± CSl A S OFDM^ MIMO rff] f ' 
TX MIMO;^ ^£ ^ 12011: -(it - {SI ^ M iJil € If It * >/l, 
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£- ^ ^m^m ( 9 ) 

n ^ Lm m ^ m m it ^ tJ .^^j 6^ ^ tfe ° ^ - -fs 

i?I §P ^ CSlA iS. - -fa ^ ffl OFDM^ MIMO .^^ .^^ §: ' TX 
MIMO^ ^ m 120^ ^ - -f® llil le # !^ >ifL # - # # 111 ^ ' 

^ t " - -fig ^ ^ / B# f-^ -52^ ^ " " rfh ti - m ^ csiA 

^ OFDM^ MIMO ^iff] -t ' TX MIMO^ m If 1204?: — 

m m m. * jifu # - -f^ # It ^ -ii ' ^ t # - is 1^ * ^ 

^ - # ^ H# P-T _L #^ ^ L -fii S'J it 6^ L -f® la 
!^ = J:. 14 m t h^^n ^ t: ' i±7 - -fil -fS ;?'J 6^ ^ ft ^ (MOD) 

i22# m ^ - M ^-^ w ^ PI ^-^ 6^ )n ^ !^ 

^ - -f® i/^ € Ife * >>i ' ^ M i±7 - M 6fj ^ 124 

# ^ it ^ # - -fig *il ft ffe ft # ^ T#j t = 

K I t ^ ^ * fS ^ i^'J t ' # H 150 ^ ^ ^ 

^ 152 ' ^ ?^ ^ # ^ -ft ^ ^ ^ 1^ ^ «|t S'j 

-ft St ^ ^ 'f® ^'J ^ ^ H (DEMOD) 154 » # - -f® ^ 1^ H 

1 54#. ft H 1 22 Ji ^/f ^ >4 - -f® ^ # m = ^if ^/f 

t m m B [ 54 ^ m ^ m M ^ ^i^u ^-^ - m # »ii (rx) 

MIM04. B 156 ' J^fA-nTi^^:^^Ai^n^^M^ML^ 
= ' # M ^ # ^ M i£ t it * s;] 6t ft ?fe 41: 

- ^g] RX # ^ 1 58 ' ^ t RX 3^ ^ J£ S 1 5 8 TX 

# ^H- H 1 1 4 ^ :^ ^ S - -f® i ;fi« >^ f£ " — « 

# 13: it t ' RX^# >^ S II 15811 -(i^ ^ t?: it ^ ^'t S'J i^ ft 
Sfe 6^3 ii it ^ -fi ^ deinterleaveit ^ ih. yt ^ it - ;S.#it^ 

deinterleave^ it fi fflf J. :t ^ ^ -fi tc ^ ji 4^ ^ it ^ 
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m m ^ ^ ^ ^ 1^ »^ - <^ ^ ° ^ >\t 6^ If ^ 

demap - deinterleave^ ^ .Jif ^ ^ ^ it H ^ 110±.^ n ^ ^ 

4t - ^ ^ s^m, m Ai^^ s.m " ^ T >^ 
— -fsi MiMO ,^ 6^ ^ w i'j ^ i* ( ^ £ -^s- f ^ ' — -fa * ^ 

ic ^ * 0FDM4L MIMO -f. t 6^; # ^ ^ it )-*- ^ itL M >^ ^ m 

hii ^ li -ft ( f^'J :«CD ;f I5] ^ it #p ^ m 5i: it- ) ' JL ^ it S'J ^ 

|5] 6^1 SNR = ' 

IS] = ^ v±7 iH. -fi 7t # it ( # - -f® 1^ *^ If M; 6^ fK. -fi 

7L ^ ) * ?t ^ * ' ^ t ^ ^ - ^© # ^ 6^ -r^ ^ T ^ « 

?t iR. -li it # iH ^ - ^il # ^ it Ji # ^ ° ith ' is # 

# l# ^-^ # ^ i4 B# r«1 "Tn ^ ' .?n it ^ # 1^ M it ^ it ^ ^ 

t ifi -fi 7C # it ^ # Pii B# f^l -^^j € ° ^ T £ ^ 4^ ^'J J?) m ^ # 
m^-^^^ %± ' it ^ ^'J ;t ^ i4 ^ it ^'i H- * 7t _L n ^ ) 

^ it ^ ^ 'ft 6<i csi^ T it csi:^ ^ ^ n ^ i^n ^ 
7t ' ^x<jt^>faiii<fc,i^^(^^it)it>^?i ° m tiij ^ 

^ n ;t CSi#p #'J ffl ( ^ 4r *P )it CSi ?iL ^ ,^ '\± ° 
# #7 #1^ ^ CSI^ m. ^ M[MQ#- jjj B .f. 
ffl 2A4r - -fill MIMO# it ^ I lOa^ - -fSI * ft ^ ^jfe <?'J ^ 

ij| K ' ^ ^ B 1 t .f. 1 00 ^ ^ it H ^ 6^ - -fin * ft ^ ^ 
^?'J " # it H- 1 1 Oa( ^ #'J ffl OFDM) |6j ;fgL >\k. ^ 

150Mt J- 4[5 CSIi^ ^ * >C .^llOa^^ : (1)— -fH 

■t^ Jit ^ J£ W i?L 'fi- 7L - ^-X ^1: -fit «^ 1^ ^ ^ TX # ;4 ^ S 
1 14a ; ^ (2) - j® ^ it ^ Nt# # *Ii ^I. 6^ iji] € If ^ ^ 
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i ^ ( 11 ) 

TX MIMO;^ m. B 120a = 

Pr A ^ ^ \ 14a A m 1 t TX W ^ JJ^ If 1 14 6^7 - -fg ^ 
i^iH ' ^ t W m- ^ i$- ^ m i}^ i^if 

ffl ^ TX# # A ^ II 1 14Ji = ffl 2A t ^ ^ # ^ * ^ ^ ife 
M t ' TX ^M- .4 S B 11 4a ^ ^ - -fa H 202 ^ - ^SI ^ it 

^ 1^ ^ 204 ^ - m ^ n- 206 - ^il If 5^ B5^ # 7L ft 208 = ,1^ 
^M, H 202^^ 4^ M ^ 1H. -(i 7C ' - m ^ 

^ m, n ^ '0- tfL^ 7t - i'X ^ ^ m is. 7t = #I it sc. ^ 204;fg. 

i$. - m iiif ^ ^ n ^ m, m iiL 7t ' ^ 

'1-4 ° it ?L H 2067lf it ^ ^ is il ^ >v .tfe ^.!| tL ^ 5L - 

^ -{^t # 3£ 6^ H, -5% >fi 7G ° If Ife Bit 4t 7L # 208^ ^ 

^ m ^± 7t ^^l - i® ^ ^ i® m y:^ m n 

m it i)^ «^ If §;t t ° 

^ ^ ^ n ^ A ^ i§l in i3. 7t m, iM, ^ JL it ^ 51 # 

( ff;^ m n) ' m- m ^ J m it ^ ^ ^ m 2A^ m ^ " 

^ ^ U ^ m yy. i^ ^ n ^ 'fi ifi Ol Tc ti] m t A ir^ "i^ m it t 
# It (iH -k^ - ^ tU^ ^ J- ^ ^ ^ ^ )m ^ A i^I. ii^ ^] 
« a # t ^ ' it -J^ >\k. B ^ M m M ^ ^\ # ^ 

B 2 A t ^/f ^ ' ^ ^ H ,^ 1 50^;f J. ^g. 6^ # CSI 
i)il ^ it .1^ -e.!^ ^ i^ *^ " :^ - im ft ^ t ' l# - -fSl 

g] ^ 6^; J: 4% (ff-J - is it #- 1/3 S^j turbos )^ iji] ^ it =^ it ^ 

^ ^M, ' y'x it Ai^ ^ ^I- % ' t}L -ku m yy ^ 

# ^ # ^ #S it ^ SNR^/f i ^£ 6^ it 4^ = 4, :r ' ^ 
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i ^ ^m^m ( 12 ) 

M M.^^^ csi(-kx^ it ^ g 202 1 ^ M mm ^ )^'J m 

m m, mif i ' n-ko > 

-fin # it m, m " #t ^ .11. '^ii if * • m ^ #'J - it 6^ 

" ^ 5ic / 15] ^ 'ft: a: ^ " >\tm- A J£ t -f* m m 

-f^ = p. W. Wolniansky^ A ;^ - ;i ;t ;g 4r " V-# ;^ : - # ffl 
^-X ;^^ t W ^ -ft ^ M it Ji it ^ ^ # # it * M # " 

(-i' fj isssE-98 ^ ^ ^ ^^i i^t fM ^ n t n, m - ^ JL iM. ^ 
4k>\tn A ^ if t: ' * t >':a 51 J?l 6^1 ^ ^ # ^ ;^ X t = 

ft ^ - ^® # l# #5 it f ' ^ 1^ 5^ Bfc # it -ft 208 if ii, 
.1^ ^% 7C 6^ # .^JL a ' y'J^ ^ — is. ' >S. ^ 

^ 1^ — it '(i 1^ ^ ^ 4t 5'J - -f® # 5- - it flj^ ?^ # ^ M it 
^ # ^sg i\ t. {iH QPSK - M-PSK( -fi M ^) - M- 

QAM( JL ^ m 1^ 1^ € ) ^ ic. ^ 'E 6^ i ) -L !^ J. t 

f i t ' # - ^il afc # ^@ *f- it ^ - jT^ !^ _L ° ^ # ^ 

- m ^ -It ^ ^Si (iH -k^ ^ - i>(] M tl M ^ )^ ^ - m 

m ^Ml ^^ !^ 6^] i?L it It- it -f.f- it # it 6^3 SN R.fi7 ^ » ■it' 

& ' it ^ 4k ^ ^ CSIit # ^ - -fa # ^ M it 6^ ^ 

if t *^ if * ° * m 4t it J. ^g. ^ ^[5 ^ CSl il^ M it 
^ (ifetT it A E 204 t 6^ # ^f- si ^/f ^ ) = 

4^iH^^m^m:^^^ sNR$i, m ± ^ it .!g 

if t ^iL = ^ #>J J?] - ^ ^ 'ife >e,!^ it m *M if t tlL^ 
it ^ it ^ — -fa # # it ^ it ^£ -fi it # iii ^ ° -ko ' "ST #'J 

ffl T * it ^ " - -(a t iH. ^ 7t /^i^ fife " : {{)- m \/2i,^ m, ^ 
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i > ^m^m ( 13 ) 

i5i-QPSKiii^ ; {2)- m i/3^i] m, m ^ ^ S-?SKm ^ > (3)- 
m x/Aisi] m, m ^ 6-qam ' ^ * it #• f ^ € t\ 

t. fa- ^ = ^ 1 t ' /H QPSK ^ 16-QAM^ 64-QAMif, f^\4 
m ^ ^ij ^ ^ SNRH HI = 5]^ T #lJ ffl * ^ -ii # la f*9 6<j 
m «^ If t {f. ;Il 8-PSK - 32-QAM ^ 128-QAM:.. ^ ^ » 



* 1 



SNRIaK 










1.5-4.4 


1 


QPSK 


2 


1/2 


4.4-6.4 


1.5 


QPSK 


2 


3/4 


6.4-8.35 


2 


16-QAM 


4 


1/2 


8.35-10.4 


2.5 


16-QAM 


4 


5/8 


10.4-12.3 


3 


16-QAM 


4 


3/4 


12.3-14.15 


3.5 


64-QAM 


6 


7/12 


14.15-15.55 


4 


64-QAM 


6 


2/3 


15.55-17.35 


4.5 


64-QAM 


6 


3/4 


> 17.35 


5 


64-QAM 


6 


5/6 



TX ^ H 1 14a t 6<j *^ 1^ ^ - -f® TX 
MIMO;^ S S 120a ' ^ t TX MIMO;?^ S ^ 120a^ H 1 t TX 

MlMO;& J£ S 120 6^ - -fS JL f# ^ f^,j o ;^,TX MIMO;^ S ^ 

I20a ' - -fi ^ J- H 2 ?t ^ ilic S'j 6^ iJi] € 5fe ^ ^ ^ 

-f- -fSl (N-r-fa -^f 3ft ' * t #'J ffl - # ^ 6^ - -flS >.fi, # 

^ m ' #^-#1^1 !ft >ii - mm m 

S 1 22 = - -(Si ^£ S 1 22# ^ If # ^ - -fa 

m^titm. ' JL ^ it - ^ # ^ :5t > it- - i X. € 
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s- - ^mM.m ( 14 ) 

# ^ ' J. - #1 it ^ * ^ M # ^ ^ «il «A -ft 

iff m 2 r«i s'j ^5 it ^t- ^ -h n ^ j^i # iir ^ .i?. ^t- *t at 
( Nc< Nt) ' m ^ m m if t m m '0- ^ ° ^ t - « 

. if t J. it Nc-fSI ^ ^ it ' it ^ - ^ ^ :^'J m i>(} 

1^ ^ ( Nc-f-^ # *^ ^ ) # 1^ it ^ ^ i ^ Nc-fSI iJil € fife 

ifo = >^ #'J J?l it ^ f'i # ^ ((NT-Nc)i'^ )# it # ° 

^ - ^ if t # ^'J J^I it ^ (Nt- Nc)^>^ «^ 6^ # ^ ^ ^ ^/r li: 

#t 6^ Fft I] ^ ^ '0- ^ ^ ^ -ft ° Ifc m if t -Tq 

f ' ^ # - ^® # .1^ ^ ifi ^ # >^ ^ If * ^ # # 

1^ ^ ^1- # " -fe ^ # # ^ # - -flS # ^ if ^iJ^ ^ 

■r^ ^ * ' >-:a 1^ ^ ^'j s^^^itM ° 

^ ^ CSIjfe ^ MIMO# iM. ^ .f, 
B 2B^ - -fii ^ 41: ^ .f, 1^ 1 50 ^ ^S. % ^ CSI>^ 

J£ ^M- ^ MIMO# i€ m- .f. .^^ 1 10b(^ m OFDM)^ - iM ^ 1$. 

^ ^ ° - -fin TX W # ^ H I 1 4:!jf it ^ in, -fi tL 

.11, ^is, ^ # ^ ^ 1^ life a;fe # ' y:^ M. ^ m TJl = ^ ft ^ it ^1- Hfc 
^ M m m ^^^M^ M ffl 6^ ^ 4^ CSl^ ^ it in ' 

S.-^ -k^ jLfJL M1M0# it H WOafft ^ iJt b/I ^ it 1^ -fi^ 

#a 5^ Ift " 

^ — jmTX MIMO^ m H 120b ' —mmitMlMOA^^ 
2 1 2^ it # S'J iji) «g §fe ^ A ^ -f- -f® (Nc-fSI ) iJSI € 5^; 
' * t J?] ^ - 'fS * M S'J M i£ 6^] - -fS ( # #1 ^ )# 

*l] it ^ iJ^ 1^ Ife ° CSIA Tfl^ f ' M i£ MIMO;^ i£ ^ 
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A7 
B7 



2 1 2;?^ # - 'fin B# iSfe ^ ^ #M<3 ^ Nc-fSl ^ -f^ ^ ' J. 



' ^1 " 








M 









1 » ^12 » 
^21 > ^22 > 



^ t bi ^ b2 ^ ... A bNc^ ^'i ^ It ^ 2 r^T S'i i£ 1 ^ 2... > Nnc 
m ^ ^ ^ ^ ^'J ^^'J ^i^^' M-PSK ^ M-QAMil * 6^ 

it t A ^ ?t ^ Nc^® 1^ € ^ 6^ ^ - ^® «il ^ ; 

e.j^ - i% It ^ # *t ^ S'J tt ^ ^fe ^'t >^ ^ # # #i 
t m 6^ # ft -t ^Ef^Eii^ 7t ; ^ 

Xi ^ X2 ^ ... > XnT^ M ^ ^ ^ PI ' ^ ^ ^ 



^2 =^1*^21+^2 •^22*^ ... -^b^^-e^^^ 



2 ^l^T^ 



^ * # iii If If # it # ^ 1^ * E ' ^ i±j ?^ 
# It^: 4 #E EM # it S = 

si ^ 4^ CS1>^ il.ifh ^ ' #--[111.^-^^ # ^ # 1^ ^ 

iJil € 1^ 5^ Xi -fA; ^ it Nc -fin 2 W S'J it ^ ( # ) 



Sfe 6^ - -fsi .^^ -fi .^JL -g^ " mm ^ - 



if t # >a # ^ 5t ' JL # ^ - ^ 

X i ^ tb f?'J T 0^ ) " ^ it ^ NcM «il !^ * # 



>i i ^ - -f® ^ ^ *'J .*^) 



# ffexiJi 6^ ^ 
- -fie 

n ^ii^ m ^ n - in 
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i - ^m^m ( -16 ) 

m^'it^M.A^m^r = — M m f ' - -fs ^ ^ 

^ » !^ 5)- i ' i& ^ #^ Nt^S iJi) € ^ 1 22 ° 

^^^n ^ ^ M m CSI^D it ^ it ^ ^ # # it 
^ 4r CSI^ 5£ ° w ^ -li.^^ f/} M i^^t^^ # *'J n ^± csi 
^ m = -^Mt^ ' ^ - # # ^ 6<i *f # ^ Bf i^: ^1. m % ^ CSI 

^ ' JL ^ ^ # # H# # it ^ ^ CSI^ S ° ^ 

;j^ ^ -f^ T 51 it ^ 4^ CSl.^ s ' m -k^ t m m.^t m. * 

^ ;^ 1^ 6^ SNRB# = 

jL OFDM-^ MIMO^ ^ .f, .^^ 

H 3 ^ - -fa ffl OFDM^D $i} ^ ^ ± A csim ^ ^ 
^ ^ MiMo e s m woc^ - m ^ ^ t ^ ^ ^ ^ 
m ' - TX'^ ^ ^ 3^ n ii^i^ ^ ifii^ 7t ^ m - m ^ ^ 

^^IS^n ^.^M ' yy^ A ^ T ^II 4^ it ^a- 4t H -f. 

^>/f J- ^g. ^ it ^ ^'J J?l 6^ ^ 4r # ^ CSI ^ ^ it .1^ ^.^ ^ ^ ° 
ft — in ^ ^ OFDM^ MIMO M -^i t" • T ^ ^ 3'J 
it Jl ^ a ^ # #li ^ # it ^ iji) ^€ 5^ = # ^-x - ^ 
MIMO it -ft .11 ^ 8^ ' m M — MM ^ s-J i£ Ji I] 

- -f^ # ^ 3^ 6^ # *i^r -f^ * # -ft i"^ # # 

^ - -fi! MIMO^ m B 120c ' - -f® ^ i ^ (DEMUX) 3 10 

m ^ m »M. ^ ' it ^ i]^ ^ ^ i ^ ^ -fa s'J m 
it Ife S i~ Sl ' #>J # - -fil M # S'J # it 6^ - -fil 5'J M it 4^ 

ffe >ji # ^ it ^ 1^ ^ " 

cs\A iS. rfh t ' ^ ^ - -fa S'J is it 1^ !^ >/fu ^ 
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£- - ^m^m ( 17 ) 

^ - m m M m m it mimo ^ s h- 3 12 = ^ — m m ^ 

MIMO^ n3\2m-i^ ^ >\k. M tij 5>J it ^ #c ^ ^ ^ ^ iU 

O it Nc ) «^ it ' ^ ^ M m ^ - m ± ?^ S'j m it t - 'i® 

sS; it ht i^^M ^ m ^A^^ ^ ° - -fin OFDM $^ t 6^ ^ 4^ 
CSl.fe tTh -r ' ^k^" # - #1 ^ * i'J ^ i£ " ^ tti m ffl ^ # 

# ^ M ^ " -ku A ' ^ - m mm it mimo^ m b 312^1 ^1 

( 1 ) * ^ -^ti f it Nc-fSl iiil !5t ' A ±^ ^ M ^ m 

Ifc flF 5^ ° - -fin # * M S-J M i£ - # # ^ # ^ 1^ ^ - 

#1 ^ ^ #'J .^^ ^ ^ « ^ it -fAt ^ it Nc-fS $ ill ^ it ^ ) 

- fgi 4$. '\L M = 

si ^ 4r CSl>4 J£ .?n f ' - is -f® ^'J ^ S 3 14^f ^ - -flU S'J 
*^itMIMO>^5SII312^;y^#-'fliBtP^^-J^#-^/fJ.±6^(^ 
it )NT-fsi #'J .^^ ^ iJi] a I'f 5^ ^ i ' 1^ ,^ ( # it )NT'fii 
1^ !^ IJL ^ S 3 1 6a~ 3 1 6t " ^?'J ' 41 # S'J it 1 6^) I'J M 

it MIMO>^ n. ^ 3 12aT ^ ^ it Nr-fSI ^ ^ f -J *il € l-f tfc 

^ .4^ 1 - N t 6^) # 5'i M it 1 ° n^k^^ ' 4a ^ w'J it 

L 6^ S'J M it N'llMO J£ Is- 3 121 ^ 4^ ^ ^ it Nx-f® 1^ !fe ^ 
1~Nt6^ S'J M it L » 

5?. ft ^ CSI;^ 3S .?n -r ' - -fS -f® ^'J 6^1 ^ H 3 144^ ^ - -fil 
S'J it ^ >.fu S ^ Ji ' ^ m. \^ ^■'^ { ^ 'A )Nt ^® M ^ b 

3 16a~316t» # ^ CSI;^ i£ T?lb T ' ^ i§ S'J it MIMO^ J£ 
S 3 1 2 6t J£ = 

# - -f® .^iL H 3 1 6# ^ ^ it L-f® #. iij m it 6^ i)^ ^ 

!^ ' rif it ^ ^ - 'f® B# fWI 4^ 1^ :tfL ^ - -f® |^ !^ lij 
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> ^m^m ( 18 ) 

M ^ ^ 122) ° 

-kn ^ ' MiMo^ m B i20ci# ']t 4^ A ^ m ^m. ^ ^-^^ 

^ 4^ Njim € 1^ 5^ * Vi~ Vt ' * t # - # # Hi ^ ^ - 

mm^^^ * ' ^ - ^ ^ \^ i V ^ M. - m ^ - ¥] 
m > ^<km m ^ 4^ tvii^ ^ - m 7t 1^ ^ - m ^ 

t - m - M ^ ^ iL ^ _L # it € -f^ f£ s'j a ^ # ^ 
^ ^ 5.J i£ # M ° -k^ ^ a - m " .^4 " iMlMOit it M il -ft 
e# ' I'J ^ ^ «^ ^ lij * ^ ^ (5] # ^ ^ ,^ # ^ ^ 

^ 5'J # it Jl ^ -f^ -fi ifl = 

K 3 * OFDMi^ m m B 122 t,(] - m A ft t ^ M ° ^ 
MIM04. ^ S 120c t ti} m ^ ii^ -t V,~Vt^^ ^'J I€ -f^^ *I 

^ H 122a~ I22t = B 3 t ^/f ^ ^ * ft ^ ^ i^'J t ' ^ - in M 
€ B 122 ^ - is >^ # 'f^ it # #'J m # (IFFT) 320 > # a? 

i ^ If 322^ - -f® i4j _L # ^ H 324 o 

IFFT 320#'J ^ IFFT:^ # - -fa »I^c $'J |^ ft ,ij # # 

^ a# W 4S iii. 4 ^ (:t a - -fi OFDM 1^ fife ) = ^ # IFFT 320 
tl if Jk n -fi -fS M #■ i'J it (#J 8 ^ 16^ 32 ... ^ ^ 

IFFT = ^ - m ^ ^ iH ^ ' ^ ^ - -fin # ^ - 'fil 

OFDMI^ m.^m'^^n t ^ t ' # J-R 1 a ^ ^ 322^ # 

ii OFDM tfe * fr^ i,^ - ' ^f^ ^ - -f-^ # 

# ^ ^ 6^ - -fii # 1^ !S: ' ik ■# ft If X -C^ # ^ 1^ ^ 

^ Sg- a 54 it # ^ * ^ -f^ ^t- i 5c # 'fi ' #1 fit ^ ^ 

f§ ^ ^'J 6^ 51- m ?i >t. ° itb ^ if iis itb 4i # t IFFT 
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-5- > ^m^m ( 19 ) 

3 20^Fo -f^ 5t # X >t :t ^ 322 6^ ^ ;ft = 

#. ^ ' ,^ ji # ^ 324^ m. (m -kr^ A - M m i§ - n 

9: - it ^ it - ^® # 5t it * A i ^ 322 t 6^ B# 

* ^ ( ^ ^ - 'ft ^ 6^ # ^ 5^ ) ' >-x A i - -f® -ft 
!fe ' Ji ^ M 1*7 -f® ^'J ^ ^ 124# ^.-ft ^ <■ 

John A.C. Bingham:^ - ;i ;t ;g ^ " # ^ ^ ^ ^ >^ 

«^ : An Idea Whose Time Has Come" 6^ tjt ( € -f" € i ^1 

^ fel, (lEEE)it it M f'i ' 1990^ 5 H i^ft m T OFDM 
ijil «^ ' ^ t v::^ ?I iH ^ -f^ -V 4^ ^ t ° 

- -fs it i?L #~ T # ^ ^ ^ m ^ ^ ^ in ^ ^ - 
h it m. - ^ - ... ^ * ) ° m^^-^i^-^^^^t 

;f is] ^ s ' 

in OFDM^ MlMO# ill ^ $Jt 1 lOd^ — # ^ ^ :^ K » ^If it 
-i^ ^4" # «t * -f. 1 1 Od# ^ ^ 1JL 7t m ^ ^ ^ 

- ^ ^ ^ 408 o ^ JL H 408^ it #^ # ^ Ji ^ ^ 
(Kfil )#. it # vifL B i~ Btc ° # - -fS M i£ # T ti fl- 5. 

- 'f® .tr -ft 5^ ^ it ^ - -f® >t 4t # it ^ - -f® tf ^ -"i ^ 

- -f® # ^ # # ^ -h ' # ^ - -f® it # >>t il: ^ - -f® -f® 

^.J 6^ TX W # ^ 1 14 ' ^ t TX ii4 >4 ^ II 1 14#'J ffl - 'f® 

it It it ^ >ii # ^ .1^ if t m, m^n t ^ ^ ^g. ^ - -f® 

# J'ik 6^ ^ it * A. it ^ *4 '1^ :^ ^ - ^ m ^ it. 

TL # 5"J — -f® ic, # -f® ffl # ^ it # it ^H- ^ # ^ M it 6^ 

€ !^ t " 
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i > ^mM.m ( 20 ) 

^ * ^ " # - -f® # ^ " ( " # - ^ i£ # yJl " ' -kv m 4t 

^/f -^^ ) it ^ • 0^ ^ ' # T — .^J- ^ I'J # it - — 

tBL 2 frT S'J #5 it - — M M S'J M i£ # 2 W i'J f I i£ ^ ^ — M M 

S-J M it Ji M ^ -g- ^ ^ # B 1 t ^/f ^ ) ^ ^ ^ m it 

^ ^ - -fsi ^ it ^ ^M- it 6^1 - ^ ^ ' s^ir^-^^^^-'^M 

^ ^ * B# r«1 ^ -SifA^m^^^ " 

- m ^ ^ M m ^ i'J #1 it Ji M # — ^® M |.J it 

- il # -fSI 2 M S'J ^ it # llr ^ - -fin TX # # J£ # 1 1 4 t 
^Kj ^ « ^ " - -fin TX MIMO;^ m- 120d 6 TX^# # ^ m 
H 1 14 t m ^ in ^Sl >ifL " TX MIMO^ m B 120d^ -fjc 

as ^ «^ 1^ I* ist^ m m.it m m- m m fst 

^ i ^ -fS S'J ^ it 4^ 11 j.t ' ^ m 4^ f)f ^ ^ ^ fit M 
t ' ^ - <il ^ # i'J ^1 it -t. # ^ ^ ^ ^ S , ' L'fsi ^ 

# m #1 it -t # ^1 i^ 1^ 5^ >.tL Sk " - m M 6^ S'J M it MIMO 

A ^ n 4\2 ^ m. m ^ - in m ^ m m it tfj m >M. » ^ ji ^ 

4 1 4 Jl it # — -f® ^ ^ >t ' ^ d7 ^iL ^ H 4 1 6 .^JL it # - -fin 
ft /'.i ( M -k^ y'J^ $^ ia m 3 ^ m ^ ^ ^ U ^ ) ^ y'X — % 

# - inn ^Ml t ° 

- ^ -fib -r ' - ^ H-^ it^ % ^_it # ^ ;^ # 

ifim, n - in i^ it 6^J # ° it in. # 51! i<t i^. 

it ^ 4r CSl^ 4[5 CSU^ ffi it -f# Jli: S * ^ l4 ^'J ;t 

it ^ ffl # # ^ ^ # ^ M it 6^; ^ ^ ^ CSI ' ^ 

it # i^: H .f. 1^ • it # iH H .^^ ^ #'J ^ it ifL 'fa >t- ^4 ^ 
M M ^M. = it ^ jfcb ^/f ii!i: ^ 4t # ^ it ffl ^ is MIMO - 

-24- 

t a 8 ^#^(CNS) A4«l#-(210X297-'>*) 



1230525 

A7 
B7 

-5- ^ ^mM.m ( 21 ) 

OFDM^ ^ -E ^ ^ ^ m ^ m it ^ m,<t if i 
- -fa cDMAif ^ )m ^ ^ ^ ^ m ^ - 

2000 ^ 3 ^ 22 g A ^ ^ gl 4: t * ;^ 

09/532,492 > ^ ^ ^ " M m ^ >^ M »^ ^ ^ ^ ^ ^ ^ '\± m. 
it -f. " t ^ t¥ 0^ MIMO;^ i£ > ^ t ^1 ^ ^ t ?<■ * 

^ ^ m 6^ m ^ a f- " >4 - -fin MiMo t m ^ -it 
tfj it - yy^ ^ ^ni$- ^ ^ ^ " ^ '• if -f* m mimo^ it 

# " = ^# # ' ^ ?t ^ If # ^ it # ^ EJ ?t # it n 

-f> .t^ yy. m ^ m it ^ (#j 1^ ^ »^ ... ^ % ) = 
itb ^ ^ ^ 'fg. #: ^ ^-J ^ ^ ^ i£ ^ # it ^ '1-4 - is ^ itb 
mi^^^^'\tBA^it^tL^--^miM.mi$,^Ef^^^ (CCMI) 
# ^ - # ^ ^ M * 'J^ i^J ^ J: (UMMSE)^t # ^ - # ^ 4r 

csut # = m- T ^ i^it ± ^ m ^ it ^ » # -^r 

ffl * 'E ^ # $a ^ 1*3 6^ # *}ic S ;t S # = 

il itt m t ^ (Nr# ^ #n 1^ ^ e£ - -fill # 

# #1 ^ ^ .f. 150 o # - -f^ # ^ 4$. 152a~ 152r a # it 

»^ iifj ^ ir s. - m m m mm b (demod) 1 54( ^ :t # ^ 

-imm^AiS.mr)±. = iH-ku • # ^'^ ^ I52a^ i ^ # ^ 
^ ^1- t # ^ # -ft It ; m^ii^ ' # lit ^ 1 52r T 

^ -fil # ^ -ft ^ = ^ - im mi^B 154M {iH -ip ^ ik. 
^ ) is ^'iL $'J 6<j -ft Ife ' it f 'J .^^3 ft 3fe T # ^ - -fil t ^ 
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i ^ ^m^m ( 22 ) 

A ' ^m- M T n ^ ^ it ^ 'it ' ^ - in mPi M- 
154 t¥, ^ m ii - is >\t m ^\ m m ^ n ^ M it ^ » 

A ± 'It n m m ^ t # ^ 'lit I'j 6^ € -r^ 5^ ii: i^ ^^ 

RX MIMO^ J£ B 156 o 

■k^ n # # ^ it m OFDM ' I'J # - -fin ^ ^ H- 154^1^ ^ 
^ W 3 t ^ ^ If 122^ m ^^r^A^^^^ - is M. 

iS. » it ^ i?'J t ' ^ - in m n B i54tL ^ - is A ^ ik ^ 
^ ^ # * ^ ^ ^ #^ - -f® If 1^ 1^ * >ji FFT^ J£ H 

1^ = ' M- m t m-m n ^ FFTA 5s If 1 If ^ * 
^ii It - -f® ^ i ^ /liL a- ( ffil 5 1 ^ «^ ^ ) ' ^ f m JL 

B / B ^ m- ^ - is FFT A ^ B t 6^3 «^ ^f !^ i4j * 

" m m. it" ^ ^ ^ m it L^in ) f-j ^ it ^f ft >4 » ^ 

# ^ — ^il 5'J #1 it If IS. it ^ -fJ^ — -fS -fin ;5'J 6<j RX MIMO^ W. 
B 156 » 

f,t - -fil ^ M m 0FDM4L MIMO ^Jt ^ T ' ^'j ffl — -f® RX 

ivi \MOAm.-B \56n n ^n^^ a I'i ^ ^^^t^ m ^ if it iK n 

MIMO^ ^ ° >^ 5fc — -f® #'J j?l OFDM^ MIMO.f, .^^ .fij §: • ^ M 
i?l - -f® RX MIMO;^ IE # 156 ^ L-f® j^l jf^ ¥r i^ ^ ^ ^ 

S'J ti S'J ^ - iSm.^ 5'J M it # it # NR-ft r\t i'\ ^^^^fli] m 

*A If ^ #. -ft M MIMO>^ ^ ' 

^ - -f® * # Nt{# # ^ ^ ^ N,i# # (lit ^ ^ MIMO ,^ 
t ' ^ ^ m ^ Nr^# 4^ ^ ^ ^ itj 3^ _L «,'ic J'J ft ^ if: 
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£- ^ ^mM.m ( 23 ) 

* t ^ 45: I'J 6^ ^ * (^P t n MIMO^ i£ t ^ tt! 6^ Nr 

X 1 lij * ' -ko n ^ Ji^ 9^ ±. >M i i:^ ) ' H ^ - # ?i B# 

m ^ M m it ^ M ^ n ^ Nj-f^ # *ir ^ f« #. a 

6^ Nr X NtM i£ # F# ; x ^ It # ^ 4i ?^ * ( ^ 

f'J *t MIMO^ it t 6^ Nt X 1 1^ # ) ; n ^ — -f® -f^ ;^ noise 
plus interference^ Nr x 1 i ° it 4^: S'J 6^ 1^ ^ i#j t L ^ -i- :5f 
- # ^ Bf _L .^^ #7 Nr^^ # ^ ^/f i\k. m Nr^IS -ft ^ 6^ Nr 
-flllilil^^f^ ' m ' #t#^^#^i#3*x&^;ff-#^ 

0# m _L ,^ Nx-ft # ^ ^ I*, ^/f # ^ NtI® -ft !5t t Nj-fHI M 
® 1^ St = 

#'J CCMUi # ^ MIMOj^ ife B 
fl n CCMUi # f ' ti ^# 4t il .f, "M- 7t, it >\t i'] 1^ 
* r #A - -f® #5 it E i& i(t -f-^ a ' ^ t ^ Mi^ ^ 
^ if^ jik. '• 

H"r=H"H2L+H«n :^a^(3) 

t it i± # '■ 4 * i^ # ^ #/E ° ^ M m - m 7T 

F# R ^ it # ^ P-^ H # ^t. Jt Ife ^ H" ^ ^ ( 

R=H"H) = 

m -ii^ ^ it |5] it # ^ # It 4^ ^ jiu it M it # 

ft *E H = ^ T * -fi ^'^1 #B If -f* it ^ # It # it 

SNR ' it -t # * 4fe It # >v it # ^ # >jl t - 

-fii ^ -fin # It ^ it -L # ^ it ^ 6^ If It if i: 6^ " * ^ 
it ^ If ft :t ^ !t ^ Sfc » T ^ ^ iib 
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i > ^mM.m ( 24 ) 

ik^^ ^^i m i>i] i^n.i' S'j m - m ^] jt m am 

*t- # ^ -if -f* - -fSI -ft ffe # ^ ^ it ^ ° F. Ling:?^ - M ^ 
A" n M m ^ ^ ^;fj ^ - C DM Ait ^ * # ^ 'fl 

^ Pg- ^ i^ ii ^ ;f/f " (lEEE-t- ^ ^ 1999-^ 10^ ) t ^ 

- « it ^ ifif # ' ^ n m '^if i-^ A ^ fi^ m 

it if # ^ it ^ F# ^ ^ ' J-X 4^ A ^ it it F#- H ' 

T >^ # -ft !^ lij * H"l>;< ^€ # it # 111 ^ If 1^ * 2tl 

6^ - -fSI if -fit ' ^ t ^ ^ ^ : 

= x+R-'H^a ^#15^(4) 

^ as Ji * 6^; a ^ ' m S 5'i H E S& it- ( ^ ^ 
^ F# H")?t ^ 5'J 6t ^ 1^ * ^ it ^ # + ;^ F-^ R"' 

^ it it ^ ^ - lEj ^1 it # ^ ^ If 3t 1^ * X = 

^iaT^'J^^^#^^it6^; SNR-r it # it 'l^ f'J 6<> -ft ^ 
-it S it # iH, 1^ * 116^; i] B>T it F-^ 4n ° - ^5: f - ^nn-^ - 
-fSl Hermitian^g F#^ ' ^ ?i * #/e ft ^4 6^ it #1 it # iH. 6^ 

7C # ^ ^ M ii B# ' JL-ip m ^ 7t ^ - ip- ^ m ± JS] - 
^ @£ (iid) 6^ B# ' M ^ it # iK. 4 IL6^ il M i4 ^E F#. <^i,„ ^ 

<t>„„=a:l ' ^ :^ ^1 ^ (5) 
d>-' = — I ' 

^ t I -4 it ta ^ ^E F-$^ ( v^,^ ^ it ^E F# 6^ ft ^ ^1. iij ^ - ; it ^E 

F-% t 6^ ^ «|5 ^ ^'J A fl ) ; ;5L a; A it.^ 4^ S'J ^ -ft ^ # 
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£- - ^m^m ( 25 ) 

( ^ E g£ i!§ it ^ 51 ife. ^ ^ P# R-*4l t£ ^ J5^ : 

^«n'=E[n'n'^] 

:y a ^ (6) ' It m >4 ^ # m n'* ^ i-fS 7C -ft 6^ # iH, ^ * 
^ ^'j m OFDM:^ MiMo m.^ -t ' m ^ im 7t # ^ m ^ i# 

^ = :4a ^"J m OFDM B# . S'i ^ Jjf m fi # " i" ^ ^ ij, - ^ 

^ ^ k^^ # ^ ,^ _L 6^ ^ k-fsi s m i'J ^5 i£ ° 

^jt m ccMiit ^ ^ f ' ^ m- n A ^ ^ ^ 1^ i^] ^ i 



, 2 



:^ a ^ (7) 

■kx^n^imi^m^^^^ ^ ^ ^ ^^s^ - (i.o)b# > ^-j 

1 



SNR = 



m ^ ify/K * 'ft. ^ S'J 4l 4f ffe * 6^ 7t # ' ,11 

m- ik ^ Nr^^ ^ t i -ft -(t I^; It- ^ 3^ ' >-x ^ 
^ - ^ -ft Sfe ' ^ ^ ^ ^ '^A ■■ 



f-i '// 



:5- ^i. ^ (8) 
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i ^ ^m^m ( 26 ) 



4# ^ ' n iB. ^ ^ it iiij SNR" SNRtotai" ^ - -fSI * ^ ?^ ^ Nr 
<^ .I^L ^ ^ t * -ft ^ SNRI^. 4l * .^JL SNR = T ^ .^H 



m sn. m - mRx mimo^ m n- i56a^ - m • 

# 1^ _L i4 6^] CCMI;^ m. ' ^RX MIMO^ 5£ H 156a 
^ ' - -flil^JL^SlZ^?^^ Nr^.^ # ^ .ii t 6^; ^ € 1^ f 
i ^fc ' v:^ ^ ^ — f@ f'J ^ ^ Ife 1^ * (r) >js, = ^ ^1: -fet 

# 4^ ?i ^ * - #o ^ a -f^ 4^ ?i -ft !^ If m m 

i£ if. #L F# H ' :i{a itb :|t # + e. 6^1 = ^ ' ^g. ^ Ji ^ 
7F 4l R=H'^Hit # ^ ^ R.^ ^ ' - -fS E ge, ii ^ 5 14i^ ill 
^ ^lit 5'J 6^ i;^ 1^ ^ # £ ' * + it # ^ ^ it *E 

H^fi ^ 3^ ^ - -fin t £ ' Ji :y ifl ^ (3 ) t ^ ° ^ ' 
- i® ^ >i- # 5 1 6 *a ^ ^ # ^ ^ ^ R'' IS it ^ ^ ^ i!i it. ^ 1^ 

# ' fl^ ^ it # ^ i)^ ^ 4 2L6fj - -f® If # X' ' -ku Jl 

^ m ^ (4) t ^/f ^ ° 

^ ^ it -ft .H ifii ■& ' ^ ^ it # ^/r ^ ^ t J?l ^ # *M it 

if 1^ S'J M it ft ^ — f® M H 5 1 8 ' |t t 

.ta. ^ 5 1 8 # B# f^^ ^ 2 M ^ 6^) 7l -fi iTL ^IL ^ ' 

^ ' ^If it # #i <^ ^ IS. 2L"^ -fJ^ RX # ^ ^£ ^ 1 58 » 

tjL ^ -E ^ ^ m.it ^^m ^ r ' ^' ^.it ^ « i* ^ ^ ft !^ i" i 

# RX W # >^ H 158( Bl 5 t ^ ^ ) ° 

:&a ^ ' RX MlMO>fe S B I56a^ ^ -f® ^3 it J- it ^ 
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i - ( 27 ) 

it H -t ^/f ^'J i^I ^ ¥ ^ -fSI # ^ i£ -t 6^3 ^ J- ^ 

" # - -fSI ^ >i?i, & ^ -4 S ^ ' * t ?^ ^ ^ S 

tfl 1^ -i^t iH If .^^ 6^ ^ 4^ CSI^ S ^ if # ^9 

m ^ it ^ •!£ ^ -L » 4k ^ ' M ^ (^1 4 S m ivt ^ ^ 
RX^# ^ A ^ 158 ' 

^RX'fi Am. B 15SP^. ' # - -fSI tl. 4. S ^ «1 ^ !^ 

- #A # - ^ m ^ if t ( m -k^ M-PSK ^ M- 
Q AM) ^ij im ;?'J ^ 7t -ft ' * t it ^ *^ # t H M ^ i^. 1^ 

^ ^ A mn <^ ^ M it m ^ ^ M ° ^ mimo it 

ft ,t- "T ' ^m^^n^mt^^^^m n ^^mi^^ ^ 
¥r m 3. m- ' M-m ^ m 1 4m ^^mm B is^ mm 

^ n ^ ^ j:. ^ - m m it ^ ^m^M-i^mit'^^ 
m ' ^ ^ n ^ 7t m it m m m m ^ ^ 

^ o ^ ^ ^ ^ - ^ i£ # vii ^ fit - - m i\ 

t -fgl ^>J ^ H ' t tt ^ it * 1^ it ^ iii II * if] is ^ 
it # 6^J if t 51 # = ^ - -fa ^ *4 H t ^ # ;a 

is f 5 i£ >-,^L ^ # M ^ # 6^ - fS if # ' 

^If ^ ^ if # ^ il^ ^ 2C'^p /ic it ^ #iL ^ ^ i^ ^ 5^ 2L" 

^ - fS CSl;^ ^ ^ 520 > y-A n ^ it ^ # ^ i£ 6<j % ^ 

#p ^ CSI ' ^ ^ it ^g.-6^ ^ ^ m ^ CSl^l: #^ # it H- M 

.^110° iH -ku ' CSI4 J£ ^ 520T ^ it S'J 6^ ?I -ft Ife if 

-f* it g if® # ^ ^ i£ ^Kj # ifL :y ^„„ - 4k ^ 4k 4^ ^ 

m- A (7)^ (9) if $. it SNR » $^ -fa ^ m 5\ &i ^ ^ ~ 

P Mill .f- if f* it SN R ' ath ^1 4t # t ^^'^ 6^} » ^ # ^ 
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i > ^^n^m ( 28 ) 

^ i£ SNR ^ ^ ® It # ^ 6^ ^ CSI = ^ ' 

m-i^ ^ M ^ ft; ^ - <@i ^ it -if -f* H 522 ^ - -fS *E F# >^ 

H 524 ' ^ M if ^ n m i£ if ^ *E F# H^o ^ ^ 
Ro - -fig #!| 53 0^ <^ J. RX MIMO^ H- 156a^ RX'^ # 

^ 3S # 158_L ' ;5L ^1 4^ ^ ^ * it -ft a ° 

#'J UMMSEjj # 4i MIMQ# 4^ H 

Ifc it UMMSE # rfa -r ' n i]tB .f. - -f® P# M ^ 

*t S'J 6<J If !fe * I ' J-X 4^ its It # ^ ^ If ^ t 2L6^ - -f® 
MMSE-Sf -f*^ ' ^ t »r * ^ : 

K=Mr ^U^ilO) 
it ^ i« P# M ' it it -kb MMSEif it # ^ ^ If !^ 

1 2LfW^ ^ ^ -t s.i>(j ^ ^ M. 'h ( e=x- x) « 

=E([l''M''-2l''][Mi:- 2L]} 

-E{ [r'^M^'Mii- 2Re[K'^Mi]+2L^2L] 

T it li. ^ E ft -J^ ' ^ jil M # it ^ 4^ iO, it - 

'fin 4^ ,3=, ' ^ ^ tI^ it # ^ 15: ;t ^ ' if T • 

^f=2(HH'' +<!>„)M'' -2H = 0 . 
#'J ffl it ^ ^ ^ E{2tX^}=l ^ E{u!^} = HH"+(P„„JSl E{t2L^'}=H|^ # 

T ^ : 

2(HH^+4^„„)M^=2H 
■kx^ A ' ^ ^If it ^E M ;^ ^ : 
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29 



M=H"(HH^ + ^,„) 



- 1 



a ^ ( 1 1 ) 



^ il: ^ a ^ ( 1 0) ( 1 1 ) # it # ^ # ft: * X 6^ i& 

MMSEIf ^ ^ : 



^ 7^ # ^ X ^ iij it i?a 1^ ifL 6^ + {i "Ln 

it -ft 5^ it # ' ^''J ^ i it UMMSE a # T it ^ # 1^ it 
SNR ' ^ t ^ ^ ^ A '• 
E[x\x] =£:[Mrjx] 

= H''(HH'' £[r] 
= H''(HH'' +(!Lr'Hx 
= Vx . 

V={Vij} 
= MH 

= H"(HH^+<^„„)-'H 
^'J ffl it 'fe ^ 

(HH" + = -«»-'H(I + H V-'H)-'H^^>-' . 

V = H"(*-'HCI + H''<!>-'H)-' . 

X, = v.ijti + ... + v. x,. + ... + v;„^x^^ . :^ ^I. ^ ( 1 3 ) 

■kvt Lit ^/r ^ it # ^ fe1 it ' X * ^ ^ i^j -flL at ' I'J 
^ # 1* ^ it # 6^ *1 2 fi ^ : 

|x] = v,,;c, . yj-'&iKM ) 



^ ^fl ^ (12) 
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■k^ ^ ^1 ^ (14) ^ m ^ ' X Xiii^ - m Mi if = 

UMMSE;|i # m it ^ ^ • ?ic 1 -t^ >\tB^^'\±1i^ ' ^ M-x , 
j-x vi, 1-:^ # Xi 6^ — is ^ iib J: if = ' T T - -fa 

*f ^ D;' fS ^ ^ it -(^ J: If fc^ i. ' ^-X ^ 2l6^ ^ J: * 

'J^ ^ i^ : 



X =Dv X 



^#J.5i^(15) 

P\ ^ it noise plus interference > T 7|f it J: if #Xit 

«r ^ 1% t X W i^ ^ i.;^ ^ ^ : 



e =x-D;'x 



= x-D;'H''(HH''+<2>„)-'r 

^ # it i^ 1^ t £.6<) ii 



it F-l- ^ ^ ^ : 



= I-D-v'H''(HH'' +?»„„)-H(l-iD-)-(l-iD;')H''(HH'' +<*„)-'HD^. 



it J: * L 



it J: * ^ i 7L # 6^ ^ ^ ^ u,, 
6^ 7t Ifl it 6^ " -fi^ ' T #'J if] ^ Ji: -f^ 1^ 

it i^ J: 1^ * e_^ 7C §fl it '1-4 ' -ft # -ft it «^ ^ 

t # f ^ # m '1-^ " 

it it #^ iH. it A it ID it f o i 1 d 6^ ' IiJ ^ in ^ #1 ^ ( 5 ) 

t ^/f ^ ^ it ^5 i£ #^ IH, 6^ W it *E Ft ° ^ it ^ i'?-J t ' T ;Hf ^ 

i^ J: 1^ 4 e_^Kj a M it ^ Ft * ^ ^ • 



= I - Di'CI - a-„^(<7„^I + R)-' ](I -Id.-' ) - (I - iD;i' )[I - a^^icr'j + R)-']d;' 
= U = {«,}. 



:y a ^ (16) 
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i > ^m^m ( 31 ) 



U = I-D;'H''CHH''+0„)-'H(I~D;')-(I-iD^)H''(HH''+(Z>„J-'HD;'. ^ ^„ ^ (j^^ 

^ m-i^ n Mi- M.M M im ^ J:- mn m ih fi^ snr 

-iF ^ • 



SNR 



itr it # ^ 6^ $'J 1^ ft X, ^ ^ lit ^ ^ ^ - 

(l.O)B^ S'J T ilf # tlic Ife t 6^ SNR;^ * ^ : 



= — 



ffl - -fin RX MIMO^ ^ 156b^ - ^H JL fl # iH ' 

^ 1^ # it -h it 6^ UMMSE^ ^£ ° it CCMI :^ US -f^X ' 
^ 7b m ^ it ^ 'li: i'J 6^ 5nt It /ic t # M if # it ^ 
f# H <^„„ » -i^ ^ ' ^ :y ^fl ^ ( 1 1 ) it # it # if. ^ ^ F#. 
M = RX MIMO^ Jl||156bf^ ' — -fa ^JL||612^ it ^Nr 
^.^ ^ t 6^ ^ Sfe ' ^ ^ - -fSI 4iC $'J ^ ^ ^ ft 

t (r) jTl ° m ^ • - -fSI ^ ^ 6 1 4 it F# M ^ ^ ^ it ^ 'j^ 
S'J 6^ € ft 1^ * L ' ^ it # 1^ ^ # 4 X - if 

' Ji ^ ^i. ^ ( 1 0) t //f ^ = ^ ' - -fS ^ /i- H 6 1 6 1-::; it 
tt ^ *E F-^ d;' 5^ it ^ ^ If -fit 1 ' >-x ^ it # ^ ^ ^ * 

21 6^ — {® ^ J: if -f* X ' _L :y ^1 ^ ( I 5) t ^-t ^ ° 

^ -fjc BS it i ^ e 6^ # -ft H ' ^ ^ M-t^^ m ^ 

m ^^^nmit'^ ^ ht t(] III M it 1^ ^ ^ -f^*: - -flu 

#iL ^g- ^ 6 1 8 ' t .^jL -g- If 6 1 8:>if B# ^ ^ ?^'\ m ^ ¥j is. 'i: 

^ ^ ° ,^ ' m- M ^ ^s. ^ ^ m !5tl"^ RX 
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i > ^mM.m ( 32 ) 

wm-w.^^^^ni^^M^^ !fe xl^° / M ^ ^ ^ iji) € 
n 55t 'f^ - -fS CSI^ S H 620 ' ^ t CSI^ ^ 620^-J ^ 

^ # ^ #1 it 6^ ^ ^ il ^ ^ CSI ' ^^i^ ^iii] 1^ 

^ CSI^ #^ #^ # it S 1 10 » -f?.] -kx^ ' CSIJl S H- 620-5r ^g: 

55" ^ ( 1 6)~ ( 1 8)# -fi^ m g i-f® # ^ M it SNR = 

it^^ SNR^^ ^ m. ^ csi ' ^jfi^(ii) 

t If # Ji! ^ 6^ ^ * -ft 'fb M;!i ^ J: * 6<| ^ S'J :i: 

'J^ ° it ^ ^I. ^ (16)it # Dv ° 

^ ^ CSl*^ # f ' ^ :i(o Ji ^1 ^ (2) t ^/f ^ ^ ^ 

Nr^^ ^ ^-^ ^ ^ iii ^ ± >\t M ii^ it t^^ ^ ■ 

ii=H2L + a ' 

■^#ttMit^Ef^^^#*fe^^6<j^#m-^^^1t Hermitian 
H'^H-EA . ' 

^ t E A ^ .# ^ * ^£ • ^ A - -fil # m -fi ^ ^ ^ 
. ^ t E^o A A NtxNt - it # it H ^ ^'J ffl # 

^It * P-^ E*J .^^3 - IBL (Nx-f® 1^ life (k) ' Ji ;^ a ^ ( 1 ) 

t ^/f ^ ° ' T # ^ Nt^#' # ^ t it ^ # *^ ( ^ 

#'J .^^ )^ ^ * ^ ^ : 

x=Eli ° 

m h"H^ Hermitian - it it # t ^E P#- Jb — 7t = t^ju ^ ' 
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- ^m^m ( 33 ) 

■k^ m ^ 7t 'f^h^ t m ^ ^ ' m n ^ 7t ^iLW ^ t m 
¥i ' ' m-^^M it ^^^^ ^ •■ 

L=HEli+n ^#1.^(19) 

If ^ - -fs M i£ E S& ii # « ' it ^ ^ _L m ^ 

l^tz' ^ ^ -if^ A • 

z.=E^H^^HEb.+ E^H^n.=Ak+]i' a ^ (20) 

E(na^)=E(E''H^2l2l'^HE)=E'^H^HE=A :^ ^1 ^ (2 1 ) 

^ 1^ iH. 70 # # # ^ # #t m J. ^ 6^ ^ ^ M ° i 
6^ % \im 7t¥r SNR^ X i ' ^? A ^ im M ^ tL <t ° 

;5M[5-ifcj4a4^.jti#*^!!fe 09/532,492 ^ ^ n ^ M m 

# T ffl 5 t ^/f ^ ^ 'l^ B * ^ ^ f?-J # m ^ 4^ CSI 

:jt # = E @& i§ ii H- 5 14ig iil ^ f'J 6t ^ ^ 1^ 1^ 1^ * L ' ^t. 
t ^-^^ it * 1/6 4^ M it # *t F-^ H"m ^^^-m\^tL' -ku 
_L :^ #1 ^ (20) t ^/t ^ = ^ ' ^ ^ 5 1 6 ^ # ^ft t 

E^^ ^ ^ ?t ^ it. ^ * ' y:/^ A n m ^ -t h-ii^ - 

-f® If -f* ^ ' *7 _L 55- #1 ^ (20) ^ m ^ ' ^ ?^ 4^ CSUt #. rfQ 

-r ' M- ^ ^ ^ n 524 ^ m A^^m i^^" " ^ 

Ji ii^ it ^ it F4 ^1- 6^} J£ ({f.J in II M <^ H- 5 1 8^ RX ^H- >^ 
H 158) o 

it ^ 4^ CSUi # tfii tr ' it ^ i£ # 7L T ^g. ^ it # ^ -fi 
^/f A i SNRit # - -fil if 4 ^ - -fin i^ € if t ( - -f® 
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<t IS: 1. >t ) ^ # - -fsi # ^ 1^ * " 
^ a ^ *^ -j^ "It n >fj * It csm it n J- ^ ^ 

^ ^'J .^^ ik # It r«1 6^ F«l H F^^ ' ajj i£ -ft 6^; 'f± T 

# - :^iL * SNR-^ M JL AWGNiS 'f± ° 

^ # ^ CSm ^ # iM: H M .^-4 

^ ^'l m M ^ m CSI(-f?'J CCMIic UMMSE)# ^ 

^ ± CSUi # # * "l^ ^'J ^ -ft 6^J ^ ^ - -fil # $t M i£ 6^ 
SNR = ^ ^ M \ij - -f® ,1^ ^5 it ^if ?i ^ # ^ M it ^ ^'J ^ 

♦Ir M 9l fit SNR^t ( # — -fia s r«1 s'J it ; jl -k^ it m 

OFDM Bt - I'J ^ ^1. # - #1 i'J M it ) ' I'J it >4 

in -k^ M ^ ^ ^ M ^) y'J^ ^ MIMO^^ it -f^. ffl Y^. T ^ 

6^ " 5t ^ ^ CSI ^ ^ik^ ^ ' CSIT 

6^} IK, ( ^ - ;t ^ it B/l 6^1 # ^ <i # ^ ^ 3^ ) 5^ # ^ ^ 
i^: ^ ' ^-^^ ^ S/r It # ^ ^ # - 'fS -ft i?I ^ ^ S'J ^ it 6^ # ^ 

# #i ^ 5^ » 

n ccMut t ' iif ^ »ii s'J ^ i^ € I* It 60 sNRtt 

(^J-M'^ tt ^ i'fil # *t ^ it -h 'It f'J 4l ^ ^ 6jj.SNR,= ^ 
SNR/= i/cr,^^, ) EJ # ,^ It # it S " tlik UMMSE^i ^ ^ ^ ^ 
it ^ »lic 5'j ^ i;^ ^ (<?'J tt ^ i^m # ^ M it _L «Ji: 5'J ^ 

^ SNR,=£[ix,i']/Miiil SNR,-l/»,i '' t iu _L ;5- a ^(16)^^^ 
( 1 7) t ^/f ^ if ^ u,i) SNR-fi # it # it H ° it ^ 4^ 

CSUi # .^n T ' ^ ^ it ^ »,'t 5'J ^ «A 60 SNRIl ^ 
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^ i-flS # ^ ^ it -t 5'J ^^^m.^^ SNRi=|z, IV a-,*, SNRi= ^uf<rl 

k ^ y~ n ^ ^ ^ ^ ^ Wi it)^ m »t n ^ ^ = ^ 

^CSUk^ m ' ^ X it - # ^ ^ # ^ >^ ^ E ' ^ 

^E^'^.^i^^i^H = ^ ^ ^ ^ 4rCSia # fii -r ' ^ 

# it # , ^it ^'J i^I It SNR^ ^ Am. » x^m^4^CSI 
4i # ^5 §: ' * it - # ^fc # ^ ^ -ff Ife ^ it" ^ it ^'J ^ 

^ # ^ ^ it #'J M ^ iJi] # ^ = 

^•J itfr, # it ° ^ — fS * ^ ^ ;5fe ^f'J t ' ^ ^ i<!L J. ^ 4^ ^ ^> 
CSI ' ;fg. It ifc # # ^ ^ CSI# it J: ^'J ^ *f ° ^ 4r CSI 
- m t m ' -tt ^ ^ 1^ T -4 ^ 1. ^ ^ # ^ ;||| ^ i 

(^g. - -f® ^ J: -ft ffe ) ' ^ ^ ' it ^ # ^ -fi ^ it ^ # 

IBt M ^ - iik ii i4 ^£ ' it ^ - -fin 'f^ 6^ it # ^ #/f #t ^ 

# m ' ^ ^ - * IS ^ i^'j t ' -ft ;i ^ *^ 5: B# 

#it^5L^i^-#I#^^B#):^-#ititCSI' j^b'Ti^'f&^SJ 

# M it 60 ^ ^i: it ^ ° :ftu # ^ CSI - -fin ^ f^.J ' 'ft # tt ^ 
SNR *^ ^ B# ^ t M- M ^ SNRit Ih7 ( iH ±u ^ M ) o - -fS 
OFDM,^, # ^ * MIMO)^Q f ' 

m ^-i^ y^n >A 'y n ^ ^ ^ tf] csi* = -/(a m m m ^ csi 
OFDM ,^ 60 — ^ M > -ita tt >fa # ^. ^um m ^ m m it 
^ - -fii # ^ r^^ s'j ^ it -L 6^' SNR ^ n ^ ' ^ J- ^ it 
SNR ^ ;5L # ig -f^ 4» J(- 6<i B# ^ ig ^ - jii ft ^1. - -fsi ^ 

s'J is it ° ^ #'J ;d ^ -E ill it «Jt Ej # csi^ ^M- 
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£. - ( 36 ) 

^ \sj ^ ^ m I ' MiMo^ m. m- 156 m n ^ ^ ± ^ 

# ^ CSliiH -k^ m it SNR)il: - M TX'fi ^ A ^ B 162 ' ^ 

t TXf^ ^ ^ J£ ^ 162A J£ it CSI ' ^M-Am.m¥j'^^^i^ 

$^ - m ^ ^ m m ^ ^ 154 ' m \54$^ it - # m Am. 

ig # ' ^ - M m it ^ it csi# © 1^ # it s 

1 1 0 » 

.f, ^ 1 10 J:. ' ^ 124^ 'I^LM#^^l2j#'ft^ 
1 22^ it # iHj # -ft ffe ^ i?l *^ ' ^ m- ^ ^ ^ ^ - <n RXi^ 
f+ .4 S 1 3 2 = RX ^ J£ H- 1 3 2 TX # # ^ S£ H 1 62 

^#^J^m6^-'fSIX^«.&J£ ' .S.iEi^itJ.^g.^^4r/^^^ 
CSI ' ' M-n ^ '^CSl^^^TX'^ ^ Am 

^ 1 14 ' ^ TX MIMO^ Jl ^ 120^'J ffl it lEj ^ ^ ^ 4r 5)^ CSI 

# it H I 10 ^ »lt If 150 t 6^ ^ ^ ^ 

CSi(f?'j SNR^# ifL 1^ ( 5p im it )^ S = -ff 'i ' -g- ^ it 

# — -fil # *lr i£ 6^ 4% ^ ^ # it ifL -fi 7L # iH # it ^ it 
SNR^/f it ^ 6^ # 1^ ^1. E S£ » ' T # # :m ^ it SNR^ 

#it#^^it6^i^^iti • #Ti^^#-8^_6^J^|-#^>3^4l^^ 

ti] Am. HH ^ii) ' n ^ it M it 6^ SNRi^ ^ # - 
-fSl # *t it 6^ >^ S ^ il^ it MIMO .f, it ^ 'fi - # # 

^ -fi ^ IS- :t >i ^ -(i it ^ ) - ^ it ^ it 6^J 

A m M /I] S'J - 'fin ^ *c MiMO ^. ^ - n^k ^ 

MIMO m. -k^ - -fa #'J OFDM^ MIMO 1^ )_L ° 
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t6^it# ' ^ni^^^m^-^^l^n^^^^ 09/776, 073> it 

^ t — « # ° 

^ ^ ^ ^ (-f^'J CCMI^ UMMSE)^!:' ^ 4^ CSUi # ^ ^ 

>^JE^t# ' ^^*iF — -f® MiMo #'J J?i m m ^ # # ^ ^ 

^fe J|t ^ ^1. >?a J. :4- 6^ P# dimensionality ' Jk ^ ^ ffl MIMO 6^ 
^ ^ ^ o ^ CCMI^ UMMSE^t #^^f1^^# — -fa 
Bf M # |5] 6^; 1^ ^ ^ ' WL-kp - m 

CSl^ MIMO .^^ - = ,^ -^n ' W^^^-^M-^^^m^"^ 

^ ^ m- A ^ ^ ^ it |5] M ^ ;tb t ^/f ^ ^ ^ /*r^ csi 

^mitB-^ikJ^ ' ^S^f^ ' Bl e-fJ;. ;^ - -fin 1^ >^ i£ - 

MiMo#^ ^ n ^n^^^Mit^^(^?nsNR) - 

^ ^[5 ^ CSI iHj it # it # ^ -J^ 'li n ^- 1% -fin * 14 
^ " ^ ^ ^^ # B/l ia ^ 1- ^ ii ^ Jib t 

:R A ^ -It # ^Kj ^ if ^ # 'l^ It >^ ^ # ° 

-t if lej # ^ «Mt 5'J 6^1 it !fe SNRil ^g. it SNRif i* ^ ^ 
it 6^ * ^ >t ^ B# ' S'J it # ill H * ^ ^ ^ it ^ 
6^} -rt- >^ T - # * i 6^ :y i< ^'J J?] it # ^ CSI # ( i?'J :lta 
CCMIfo UMMSE^i # ) • ^ 8^ ' ^ it.»Ii: 5'J SNRif % 
^nif 4i ^ ± M- ^ n ^ - iM M ^ ' JL ^/f # # M it 

-(^ ffl it 1^1 6^ ^ ^ ^ ^ • it -^r ^ © 6^ .f. :i >t 

^ ' 3.W ^ ^ :k.i^}^ -y ^ ^ n '0: tflt ' 

■g" # i7 it i?] 4^ ^ 6^ ^ 4r / # ^ # R .^^ .^^ 'I"^ 

' T if ^ it ^ # ^ CSliHi # ^ .f. I£ i J. * ' ^ tb it .f. 
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i ^ ^m^m ( 38 ) 

± M. ^ ^ ^ ± CSl^ 4^ iij ± A ^ ° ^ m-i^ ± 
^ ^ ^ A 

* t Y ,-4 ^ ^ CSUi # * ^ - -f® ij^ S'J ^ ^ 1^ ^ 6^ SNR ; ^ 

^ ^ 4r csm # * ^ - -f® # It M i£ SNR = ^ m- n A 

m. # 6^ SNR^;t i^-ko T : . 

= K , for the CCMI technique 

y. — , for the UMMSE technique, and 

^. =i-, for full CSI technique. 

K 7A^ 7B^ a/I - #1 ffl ^ CSI^ 5^; 4^ CSISJ # *t # ^ 
4x4 MIMO 6^ » -t «g M M ^ # it ^ ^ = i^ it 

M ^ t ' m- ^ - im m ii ^ f^whi] 7t m A" it. 
=0" " -le ^ = I" 6<) « i m Pit = #t ^ - it ^ <^fi 

f ' >i ^ ^ -fS F# realization ' JS. :fMr it ^ realization 

*#tt;^^J.i^^i^K^A^it^i^^>ii^ = 

K 7Ai^ it MIMO .f. ^ :f 15] SNR>fi 4^ ^ 4r CSI - ^ ^^ 
CSI CCMI;9l ^ CSI UMMSE:ft # T 6^ :t J. ^ " ^ 

B 7A t ' it # ^ CSI UMMS^i # 6^ ^ J. ^j^- rft SNR^l 

B# .^^ ^ it ^ 4^ CSI:t >t ^ 6*1 75% ; iL 'fg. SNR-fl B# i^: -fa it ^ 
^CSU*):i^i^ - it CSI CCMUi # ^ A ^ ^^ SNR 

-fi at ^ it # CSI UMMSE # ^ ^ A 4^ 75% -90% ; 
JL -fg, SNRfi e# tb it UMMSE6^j !k ^ 'y 30% = 
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i > ^m^m ( 39 ) 

m 'JBM. ^ '0- ^ ^ & m ^ M. i. ^ n ^ ^ ^ ^ ^ 

m ii^ ^ ^ ^ ^ ^(CDF) o SI IF it CCMUt # rTFi -r ' 

# - -fin ^ SNR=16^ M (dB)/j# m B# H'J # 5% 6^ # 
* :i JL * -t- 'J^ " 2# 7t /# ?l " ° ^ - ^ ^ ' ^ 49 

fg] SNRT ' ik UMMSE^t ^ iff] ^ A ^ ^ m ^ ^ T ^ ^ 

^ " 7.5# ^/ ^ 7t/m " ' -h ^ ' n UMMSEit # ^ ^ t if 
hi] il^t n CCMUt # it " 

- #I^#'f@l#:^'ft^.4SII (DSP) ^ # ^'J vt- i?l # 
^ -t (ASIC) ' - ^A^B - m- - ^ ^ ^ ^ 

■ m ^ ^ n n r^i (fpga) ^ - ^-e^^^^ 

i9L^ ^ A ^s. ^ m ^ ^ B 4k ii^j tl 

n- ' w^m^-i^A^nx^n^^^ ft 4^ n ?t ^ jtb t ^4- i4 

^ ^ 0, = 

0 ^ - m ^f§.^ ^^hij ^3. ^ 'MM^ ° iH -ku 

^ ^g: ^l: - -f® >^ S If ( ® 5 t 6^ *'J ^ 530^p K 6 t ^Kj ^ *!l H 
650) Ji ^ n i>f] n ^ m if % n ^ CCMI^o UMMSEa # &^ ^ 
If -f* ^ 4f A i£ SNR ' 

^-^ n n ^ m ^ ^^^t hi} m n.m ' & 
ttm^"^ n m ;^^m ' ^niAi^ ^ M m ^ 
^ n n ^ ^ fi.t -if sL ' 3.-^^^fin.m^^ 
hijmm.Aii^Ti^itt^^hi}m.mjf. w\ m m m ^ -e h^j 

t ' -^i^ ^ ' ii ^ ^ 3£ # ^ Pg- ^ jtb t ^/f ^ ^ * 

^t^MJ^ ' ^ A ^ ^ ^ itt t 4Sj ^ Jf. w] ^ M IS 
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m i^A - m ^ m ^ §^ ^\ (MIMO)it -ft .f. it t ^ # ^ - 

if. it 'l^^ ^ ^ it ,M ^ ^ ^ '14: ^ ^ -fS f t ^ ' 

^t. t it I] - i% m it tL ^ - im ^ ^ m ^ 

♦Ir I] it # it S. * 7L 6^ ^ M ^ ° ^ 3£ it ^ 5'J 6^ it 5^ ^ ^-x 

A M i£ ^IJt m # iR. (CSI) ' |^>'X^7jV^i^JD;5^^###^^# 

^ # it 6^ # #t - :>f^ i^ csi# #^ it #itii^it = n^m,^^ 

;t tjt it Jl^ B ^ it t 6^ CSI ' ^^t^n m 6^ CSI>4 # 
#^ m^>itB ^ 7t iii} = 



^ • a { iS. a ' "METHOD AND APPARATUS FOR UTILIZING 

^^^mm^ ( ^m^j&m ■ channel state information in a 

WIRELESS COMMUNICATION SYSTEM" 



Techniques for transmitting data from a transmitter unit to a receiver unit in 
a multiple-input multiple-output (MIMO) communication system. In one method, at the 
receiver unit, a number of signals are received via a number of receive antennas, with 
the received signal from each receive antenna comprising a combination of one or more 
signals transmitted firom the transmitter unit. The received signals are processed to 
derive channel state information (CSI) indicative of characteristics of a number of 
transmission channels used for data transmission. The CSI is transmitted back to the 
transmitter unit. At the transmitter unit, the CSI from the receiver unit is received and 
data for transmission to the receiver unit is processed based on the received CSI. 
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1. -^myy^^-m0'^^^0'^ii (MiMO)it -ft it t ^ 
^ ■■ 

p m^^^^^ ^ Mit ' * t ^ ii ^ - -f^ 
At^ Atn^i] it m.tL^ - m ^ p im^m t # n * 
7t 6^ -ft 5^ ^ : 

m ^ f 'J -ft ^ ^ ^ ix ^i^,^ II m (CSI) ' # 

* ^ # -f® ffl ^ # ^ # ^ M it 6^ # ^ : 

.1^ it CSI# sj it it H- * ; ^ 

^'k ^ n At n csi;^ ^ # ^ it # 'lie ^ * 7c 6^3 # o 

2. t i# 4 ^'J la SI ^ 1 ^ :^ ji- • * t it J. 4g. ^ CSI a ^ ^ 
^ ^ - #1 # ^ it 6^ <t !^ /# iH. (SNR)lf = 

3. t it 4 #'J IE K ^ 2 ^ ^ >^ ' * t it # is H * 7t -L 

;^ i£ eL ^ 

m 4t # - -f® # ^ ^ it SNRIf # .1^ it # - -fin # ^ ^ 
it 6<) # = 

4. t if # M E SI ^ 3 ^ >^ ' ^ t #- ^ ^ - -flU # 1^ 
M it 6fj SN Rif -fir ^ ^ iib, it ^ - -fill # ^ ^ it 6^ # ° 

5. ^ t ?f 4 ^'J la SI ^ 3 ^ ^ ;5- i- * t it 4^ ^ ^ : 

« — g] ^ J: m m> i% it # %k #s it 6^3 if+ ; ^ 

m it # 1^ it 6^ SN Rif -f* ijil ^ % m it Ttii^ ' 
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m - ^g. # 1^ #1 it ^ sNR^f -ii m^^m « <t t 

# - -fa # ^ ^ it 6^ # ° 

7. t # 4 ^'J ^ S ^ 1 ^ ' m M.4k^CSl^ 4^n 

8. f n 4- ^'i B m ^ i^M ^ ^ -ii: ' ^ t ?^ 1- ^g. ^ csui ^ m 

tl^ '■ 

^g. ^ ^ # fi -Jill it ^ # ^ it # = 

\0. -iei ^ ^ M $1 m ^ 9=^ ^ ^ ' ^ t m 3. i4 .4^ m - 

m # it 6^ # " 

1 1. t if 4- *l II ^ 9 ^ >^ ' ^ t M # i^ ^ * 
>^ S ^ ^ 

^ ,a§ ^ it ^ # ^ T?Q it ^ € if t € it ^ # 

is it .Ife t f + ' fAi^^ m H- ^ ' 

12. :ita t if 4- #'J *i ai ^ 1 1 ^ :5r ' * t it # it a- 7C Jl 6^ 
■ ^ ^ & ^ : 

# 1^ it ^ ii^ € 1^ ^ ^ flf ^ 7^ ^g. 41: it ^ # M ^ ^ ^ 
#'J it ^ i^ Ifc 1^ ° 

13. t it 4 ^'J la SI ^ 1 * t il it 'liL # 7C t 
# ^ ^ ^ ^ CSI » 

14. t it 4 ^'i E SI ^ 13^^ ^ ^ >^ ' ^t. t ^ i4 ii it m H 
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15. t it * ^'J la (S ^ 1 ^ ^ ' * t # ^I'J it ^ m it 

# ^iL «^ ^ ^ - ^ii # ^ ' fjj # ^ m csi " 

16. ^ t <t # *a la ^ 8 ^ ^ :5- >^ ' * t ^-X IS] IKj t_ *f it #■ 

# ^ -^S ^ m ^ # ^ M ^ # ^ -fl ^ CSI « 

17. -ku f n M m '4 i^M ^ ^ >^ ' ^ t m 4^ >^ ^ 7t m 

- M m (CCMi)>^ m. ^ ^ ik cs\ 

18. ^ t it 4- ^'J le HI ^ 17^ ^ :y j*- ' ^ t '\t 3 ^ tl X ^ 

CCMIA tl-^ ■ 

A^S-ik^ M ii^ 'ft ^ ' ^-x 4f tij )jt 51J ^ ilii 1^ ^ ; 
>fB. - ^ - -fsi P-^ it it ^ 5'J 6t> i^ ^ -^f ^ ' v:^ ^ 

iiS >:it iJi] ?e If !^ ' t i^ ^ - -fii *E F-^ ^ ^ i?] ^ i^ ^+ # 
^ # # ^ ^ * it * ^ -^^ 4^ ^ ^ P-^ 6^ - it # 

yy. - ^ ^-m ^ ^MiH^ - ^-x If -fiSr # ^ 

^ ii^ ■€ If !fe ; ^ 

-if -f* ^ -fin ffl it # # ^ ^ # ^ M it 6^; # ^ o 

19. rftD t it 4- la IS ^ 18^^ ^5- >^ ' !^ & ^, : 

>fg. * - # ^ 6^ «f iJi! # 4 ^ it ^ ijij ^ # m if # «t iJ^ 

' »X ^ #t ^ 1^ ^ c 

20. t it # ^'J Ib SI ^ 1 9^^ ^ j ^ ^ ^ ■■ 

21. :&a t it # ^'J S ^ 18^1 ^ ^ /-^ ' ^ ti^ ■ 
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M ^ ^ # ^ 6<j !i If ^ If -f* ' y:^ ta.^ »A H- 

22. t i* ^'J la la ^ 1 8 ^1 ^ ^ ' ^ : 

4a ^ m ^ 4^ I'J 6^ *A If ^ ^ A - ^ it if- *t *E F# ; ^ 

^ t * ^ ^ M it # *i: P-^ 4^ iti M ^ - -fS = 

23. t It * ^'J ia la ^ 22^1 ^ ^ ' ^ t M M ^ ^\ 
# Ji ^ t!^ i'J ^ If ifa it it i?. ^ ^E = 

24. ^ t *^ 4 ^'J Ib II ^ 18^^ ^ >^ ' * t it ^ — *E i?*^ ^ - 

25. :ita t i* ^'J I a IS ^ 1 ^ :^ ' ^ t it -1^ "l^ ^ * tc ^g: # 
- -fSI ^ ^ J: ^ 'J^ i^ J: (UMMSE)^ J£ 4^ it! it CSI = 

26. t if 4 #'J Ib SI ^ 25^^ ^ ^ ' ^ t it UMMSE^ ^ ^ 
^ : 

S it ^ 'It f 'J 6^ -ft 1^ ' >X 4f tij S'J ^ i^ If ^ 

y'x - - m ^u^m ^ M m -m ^Sl ^ • if # 
^ ^ i]ii € If ^ ; 

# it *iic 5'J If ^ If -fit 1^ -fa J^l it ^N- # ^ # 

1^ it 6^ # ^ ; ^ 

^ t it # it ^ - -flu *E F^ M ' -f^: # ^ If §fe if -fife- # 

# m ^ n ^ If 5^ 6^ - ^5" i^ J: 5'J M. 'h = 

27. t it 4- ^'J il SI ^ 26J,§ ^ ;5->t ' ^ ^ : 

>-x - ^ ^ -fs *E F# ^ it ^ «il € -If 51; if -f* ' >x ^ J: i4 if 

^ # *t ^ 5^ If !fe ; ^ 

^ t ^a 4^ it ^ ^ ^ i^ a If 1^ if -f* if it ^ # ^ 
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i£ # ^ " 

28. -k^ t n 4- ^'J la la ^ 27^ ^ ^ /-^ ' 1^ ^ ^ : 

'fE ^ ?t ^ ^ ^ J: ^ If 5^ tf -fib ^ it; m ^ - #1 F# 

M • ^ ^ 1^ ^ ^fe J: ^ *^ 1^ ^ If -fi^ * it ^ # ^ ^ 
^ 6^ ^ ^ J: 5'J ^ ° 

29. t 'f'J la SI ^ 1 J* ' * t MIMO # i 
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A satellite system employing time diversity and 
a single frequency network of terrestrial 
re-radiation stations is provided wherein each 
terrestrial re-radiation station inserts a delay 
into a terrestrial signal. The delay allows the 
time of arrival of the early time diversity signal 
at the center of terrestrial coverage to coincide 
with the arrival of the corresponding late time 
diversity signal, thereby improving hand-off 
between terrestrial and satellite signals at a 
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receiver. The delay also adjusts for distance 
differences between each terrestrial re-radiation 
station and the satellite and between each station 
and the center of the terrestrial coverage region. 
This adjustment optimizes the TDM-MCM reception by 
synchronizing at the center of the SFN the phase 
of the MCM signals re-radiated from the 



re-radiating stations of the SFN. The delay also 
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mu 1 t i car r i er modulated stream for transporting the 
satellite LOS TDM stream to user receivers and for 
the diversity delay between the early and late 
signals. 
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^ >^ a ;ft S Fal ^ # ' M % $^ " af fa^ ^ # ^ ^ ^ t 

^1^'+ }A ^ ^ m ^ m # -ft 6^ >x ^ # it ' * - t ^4 >A # 
it m # ^ ^'j life A * ^ - t *4 >A # it m * ^ll M it f£ ° 

® 1 a ' m \ 3^ mi i"^ - ^ % % ' 1^. it -ft !^ ( 

m m A it m.) r^^ ^ At m 22 ^ iS, > ^ m $ir ^ n # <t 
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i ^ ^mnm (7) 

fife ls| # M ^ - ° i':^ T n ^ itb ,M ^ ^ ^ A a # 

mi a ' m lb m 2 ^ :m: m M t M m B ^ m 
it ( Bc s ) ° m ^'i j^. m ip B r^. :^ ^ ^ M i% m it ° - m m m 

it *i * ^ ^ it ^ ^# ip @ ( ?p m # ^ ^ 5'j ) ' ^ ^ it *c * 
;f # Sp @ ' is. ^ ^ m( ^? ° i£ # ^ ;t #1 it ^ 

^ m * # fife ' * t - M it # ^ ;5r^ - # it * ' ^ - 
M it I'J ^ iH 4a ^ ^ # it ^ JL ° 

1^ ^ ffl 1 a ^ % J. -ft !^ 1 2 ' - .4^ 1 0 ijl H # ffi - #J J. 

1 4 ^ J: #LOS >A -f^ ^ fal m ' # t # "ll - Bf fal # # Jl 

( TDM ) ^ ^ lib # ^ ° ^ it # fii ' H ^ 

-RF il^TDM ^ ° ^ ilb a '* ' # - e f;(/ ^ -tt ip 

s ' j: -^^los 5^ -^^ tii ;f m m it ^ m -tdm t it ^t; 

= TDM ^ 411 # - ^ # M it # # ^ ^ ^ ^ # it - ^ 
B^Pa1^#^aL33 " - M m m it M ^ - ^ ^Ut ' A^-^ 

# it m * - n it ° itb 41. ^ ^ # ijl H 2 2 ^ fal 

# ' #J ' ^ 3C it ^ -^^^ 5^ # ^ H P-iL ^ f: # 
t ' - i^ ^ ^ % ^ A^^fj %^ ° 

^ ^ mih ^ m ^ it MIS > - .^4 1 o © ^i. tdm 2 ? 

A ^ j:- ' ii -s,^ ii #TDM >JrL it # ;# # ' - # i|l H 2 2 if. ^ 
^ # •j^ ii >4 tdm #T ^ m = ^ ^° jtb #i ' 4^ lit ^- 2 2 ^ 
-RF # i)t #T ^TDM m ° ikmA^J^^^mX^^- 

RF # «jt i^RFTDM ^ ° itb ^ t5: tf # ^'j ^ >!i ^ ^ ^TDM ^ 
m S. ^ m -S ' * ^ 4s 4a # ° -fs ft ^k. ^ tfe it! 
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i ^ ^^mn.m (8) 

^ ^ m M s. t m a A ^ ^ -RF ^ 'If ° ^ iib ^ tt 

>JL t ' ^ m ^ m m ^ ^ 3L n > :t t& -i^ ^it ^'j 

1^ m ° itb - RF # 6^ se, 5. # ^ ^ #T ^ # ^ ' i^fe RF 
6^ ae- ^ m m M m 3. # ^k. H ° 

^ i'J ^ ^1. S'J -ft m ^ fal 6^ A fal * # it # OL ^g. fl- 

6^ fal >I'J ° # jL fl- fel # * F-S- # 6^ ^ ^ ^ A ^J^ * >I'J 

;C ° ^ t ' FJ- # 4^ A # ^ # ^% ^ 6^ ^ a 4^ >^ #1 it 
6^ PJ- ^ ° ^ itb (ft ' PJ. 4t 4^ ^ 1^ ^ # 6^ -f^'J 4t A i: ^ 

5^ ^ n 3^ ° -i^ 1^ 'I-f t ' m ^ m it 'S^^ ^ ^ M ° i-:^ 
T )lf # # ffl 3 m a i t # it # it # 1^ ^> 6^ ^ € 

^ $'J ^ i'J -ft ^ F«1 6^ ^ 3t m J: ^ .f. ^ $i ' ib ^ $t 
#.LOS 4t 4^ ^ ^ It ^ A IS it ^ 6^ ° -f- Is a - IS: 

it ^(30 ^eOmph) 4t <^ ^ ^ <2> 5^ ^ it *t i"!. it # #^ it 

# 1^ >^ ^ pa 4t #7 ^ ^ ^ -S: >^ " ^ m ^ ^ ^ ^ ^ m f-^ ^ >^ 
l^97^99%mitiS^P-a# ' 'fs;f^ii§-i: > 
m it ( i-X iH # H It A/ ^ ^ ^ ^ ii! Ii- ) ° itb 

P-i- ^ #^ f^l 6^ -f^'J -f- ' — + Is i-X 3 Omph it iii 5 0 ^A X. ^ T ^ i"?'] ' 
LOS 5- ^ 6^1 P^ # ^ 1 . 1 3 6 #^ ' ^ i>J -ft II: |i it 5- # ;^p^ 
ifcb #t -fi ° 

$[5 H 5^ 6^ PJ- 4t 1: >^^'J ' L u t z ■ e t a 1 ° '"Land Mobile 
Satellite communications-Channel Model 'Modulation 
and Error Control" > ;!^1986^5 ^12-16 a ;JpMCDSC-7 M 
m # ik M fal ^ ^iL ^ it tfl ^/f #i 6^ ^g. ^ ° ^'J ffl ^ t t ft iB 
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i ^ ^kmttm (9) 

m m n ^ }A ^ ^ 6^ tb m ' ^ » 5^ it it 

4^ & # 6^ FJ- # ° ^0: m -kp mS m ir^ ' - * >^ 

1 2 dB ' 54 € fal ^ 2 ^ 8 # Pal o ^ ^ ^ ^1 i # J. 

it m ^ ^iL ^ ;f ^ # ^ fife fal 6^ ;^ ^ o ^ ^ % 

n 5i it n ^ ^ 2dB ' * ffl 3 ' 6 ^8 ^> ^ ^ it fal T 

^ Fal ^ # »I1 ii 'fi^ ^ A ^'J ^ ° 

^ 5i e ^ 'It m A it m # 6^ ^ X - H ° 

itb ^ n 6^ g 6^ ^ m ^ itL 7^ % 'A ^ '^^ ^ ' ^ 5^ a 

^ ^ ^ / il -i: la. # it ^ # *t »t ' j-x 1^ itr M ^ 

;f3t it ^ 3 0 A * ;fi ^ A ^ H 2 8 ,^J- ^ #t ^ ;^5C iL 

# ffl ° it i^ t # ^# ;f # ^ ^ m ^iz: 7t ^ # fife 1^ ^ 

fsl ' i-X ^If ^ fit A ^ ^ ^ # E #J r^l t 

t ° otb ^ -flit ^ tfL ,1, HP it, ^ # itb ^ ^ t& ^ ^ ° 

^ Ifl ,S. ^ m ^ ^ # it 5- # 'll H # ^ ^ ^ ^ 

>^ ' ^ # ^ ^ ^ 3C. ^ II ^ ^1. f t ^ ^ ^IS 5C. ^ 

® It it ^ # fife ^ i'i ;^ ' \^ ^ %fk itL 7t ^3- % )^ 

^ ^ ^ ^YY.Z m ^% n ' * FEC ^ ^i, ^ ^ ^ i?o J-X ^it JL 
° ^FEC ^ ^ ^ >5,f H 6^ IE ^ t 'f^ ffi itb ^ 3t ,^ ^ ' °r M 

* _h ilt 1^ it A tfl ,1. ^ ' # iH ' m n ^ 

^ Jl ,^ # ° itb 5C ^ H # -f^ # ^ ;?r^ 11- M H 24FEC ^,1 H 30 
^ ^4 A # H 22FEC ^ S 28 ^ ° ^ ^ m m $1 M ^ - 



^ H ^ a ffi 5t M 3l H 5^ # ° - ^ ^ ^ ^ 



^, ^ - 



^ ^ ' ;^ - f f tfL ,1, 4^ 7t Jz. ' -f^. # - 5c ^- ^ ^ 
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s. - mnt^m (10) 

# — tfl ,1. ^JTl — ^ ^ iSL 7t ° tfl -I. ^iL 7G m fii ^11 ^ ^ 

m ^ m ° if] ' it m ^ ^ ^ m ^ >a ° si m ^ 

n M ^ ^Sl 7t A ^ ^ ^ ^ m ^ ^ B ° ^ ,^ ^ -^r -ft 

^ — ^ tfl wtL ^ ^iL 7L ' i-X -fFi >r ^ ' ^ 1^ Hi its 5t ^ 

>A fal ^ fffi ° J- ' it - f ^ 3C. l-t 3C >A t ' 

ifcb ^ ^ m ^ - ° #■ - ^ It 5C ^1^^ H # iH # - 

^ m 4 ^ — -f ° # — # it ^ ^ 1^ ^ ^ 6^ 5^ # t 

o # |k - ^ >E,i, H .^^ ^ ^ . * Hi i±3 f ^ tfl 

t It ^ 6^ Hr ^ ' A - V i t e r b i ,^ ^.S, a ( #'J ffl 

iM. 1^ -6.^; ^- G£ @e> ^.S, ^- ) ' Ho 7v J. # 1^ tl ^ tfL ,1, ^IL it 

>;fu i-X ii: A ^ EJ ^1. ;?r^Vi terb i ^ 'S,^ H 6^ *t Hi = itb 

a ^ 1^ * >^ # it 7t It 1^ ' e ^ 111 II ^ i 

LOS #T J. # tjl 5^ m it i§ 5'J ^ IS- 4t ' 1^ f ^ ^ ^ 5^ a ^ m 
3^ = 

^ ^ ^b e ^ # "l^ ' 5'J ^ # ft. A 14 it ^ S'J ^ # 

^u^h it. i m ^ ' >f^. * 1^ # m # fife ft ^ ° it ^ 

$>J # ^§ ^ 1% Bt ;t it ^ # 4=f 24 ^ it 34 

f5] # 5^ * ^ ° m \ a Mib ^ n m ^ m ^ M M ° ^ 

111 H 2 2 >4 ' pfe ^ 'ft ^ 6^ # 1^ # # # #. ^'J ffi - SI 

l€ it26 * ^ # ^ ' ^? i^ ^ M it ^ n ^ ^ :}^^ ^ - ^ 



M # ^i. m m m ^ - ^ ' m \k a ^ ^ ^ 



f'J # ^ ( SCH ) ^ ^ [5] 1^ ;^ ^ $'J A # ;i # it fife 6^ fife 
° SCHs # t^t ^ ^ # ^ S * t tf ^ f^0 9/l 1 2, 3 49 t 

' :??M 998 ^7 ^ 8 a II: iU t tt ' # itb # 4 ° jtb « ^ $>J A ^4 
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i ^ %^mnm (11) 

m M It fife # f^ # ^ m ^'J it ^1 H V i t e r b i ^ *4 H 2 8 

^ 6^ # it :t A ^ ^ ° 

^ A 4^ f 'i 6^ ^ y»v a 4^ i^a ^ # ^ # H 2 4 4 i 3^ ^ 

^.i, ^- 3 0 5^ Ji ^ It ttj ^ ^ f ij A ^1: f -j fal # ° 

- ^/^ f ^ ;f ^ ^ ^ ^ fffi ' ffl ^ 3 2 ^/f ^ ° lit -fi ^ f ^ 

^ ^ ^'Ht m 4SL 7t ^ij - ^ ' A ^i: i'J tL 

6^ ^ - ^ ° ic, # - -f # ^$ ^iL 7L # J-X :i: ^ jil 

^iL 7t #t '1-4 1^ 6^ :^ ^ j;; it # ° ^ H 4 ' #'J ffi ;t 
V i t e r b i ^ ^4 II it # 1^ >^ ^ >A ^ $'J A 4Il ^'J ^1^ ^ 6^ Ifc ;t 

4 .fe ^ ^ it it, * -fi -fb 6^ ^ A ^ ^.a ^ ° # la ^ ^'J ffl !!fe 

^ in tb fl >lJi # - # ,^ ^ -flL 7C ' a ^ ^ ^ A M ^ ° 

^ ' ^'j ffl 4s ffi ^ it s'j A n M. m -it f#u 6^ 

:i: A ^ .4§. ^ o ^ jtb 'It >>L ' ^ ^22 ^J] m ^ ^ $-J A ^1. 5 'J ^ 

# <t ^ TbI ° -^^ >)1 ^ 2 2 It it} ^4 ^ # m ' i'J ^ 

# -ft i£ FJ- # ° # ^ ii FJL # ' # g 2 2 ^'J 5- Ii i€ ^ 

# # -f^ it # l€ it i-^^ # 2 2 ^ 

It ^ ^ fbI ^ # # ^ m ^ ii, m " it ^ui^ 

^ it ^ M ^S.^ ^ t ^ " itb ^ J£ 

^it ^ n ^-^ f^m ^ m ^ M A n it ^ fai 6^ ^ it Bf 

F.I ^ # ^ ° ^sV i t erb i ^ A a ^ ^iL ^ :t - II 6^ ^ ^ tfl 

tb 6^ # ' 1^ ffi 4a tb #4. 5dB » 

1 . 1 - #f J. 1^ A j^LOS TDM jP- b# Fal ^ # 

i% 'a't % X hi: i]^ ^ i^TDM >A #, i 4s #T ^ 1 4 # it ° -TDM >;tL 

M t ^ M M ^ it ' A ^ -TDM 'A n M a '^t 



$'J ]^ ^ it ° 
^ $'J A ^II ;t 
^ ^ S-J A ^4 J'J 
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i ^ mnnm (12) 

« M it :^ ^ 41 $t m M m m it(BCs) ° e m ^ ^ 

# ^ # # ^BCs ^m^^4^nmAm:^^m^^M. 

m. % ^ n # #LOS m ^ ffi ° ^ $'J a S'JBCs ^ -fit e 

5^ l]^ m ^ fal # ' J-X 5^ # |S9 ^ it 5^ ,11 m 

J* t ii It ijic-f^ ffi o a it ^ i^TDM t ^ ^ ^>J A # I'JBCs 
Fal 6^ ^ it FbI 34 # 1^ 1^ 1^ ' a _L a it ^ ^@ TDM ;5rL 

^ ^ f 'J A ^II B C s 15] :^ ^^ >I'J ^ ° 

^ # il^ H 22 ^ ' - t^BCs ' - i # S-JTDM A ^ - ^ ^ it 

^ f'J TDM >Jil ' # a iili SI 1 a ^ ^ # ^'J ^ # Ife 6^ ^@ 

-4 ° H 2 2 # pfe TDM a e itb i -f^ ^ ° 

1.2 ^ m m ^ % #LOS TDM >/!l f^l A ^ f^l ^ # ^ ^ fij 

3- ^ - M ^ - 

-f^ i -J^ #T J- LOS 4t t{; ^ # T DM # it ' - >A 1 6 

# it $'J -ft !^ ^ J5 - 8 # it ^ $'J -ft !fe ° 1^ ^ FbI ^ ^ #t J. 
1 4 A 2 0 ;?'J ^ >7ll 1 6 A 1 8 ' ^ m2 ' ffi ilb ^ r-l ^ # 1^ 

m # ^lic #1 ^ 1 4 A 2 0 # ^ ^ F.I ?^ ' a # 

TDM /-^L ^ ^'J it 51- # » it m ^ ^ ^ ^ Fal >^ # ' ^ t 

^ - ^ if la # ' ^ - ^SI if PJ- 4t 6^) ^ A ° - TDM /:^L 1 6 

m * # ^'JBCs ' ^ -TDM >.fLl8 m m ^ ^ f'JBCs ' ^ ^ ^ 'iit 

2 2 B^ fal # ' ii 5i # 1^ ^ «^ ,11 F-a -^t if. t ii I* 

^ A^iitm ° ^ A $'J TDM >Jjl Fal 6tj ^ it f^l 3 4 # # 
^ ' # * J:- i4 - TDM m I' j:- ^ i'i A i>i >^ # ^ 
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5- ^ #a^t£B^ (13) 

1. s it n i^ m 1^ j: #LOS ;t jii M it fai A ^ f.l ^ # > ^ 
m m m K ^ - m ^ - 

i # #T ^LOS ^ "Jt 1^ ^ ^ it( 5P -BC # it 

i'J fife tfl ^ ^ - BC # it ^ S'J !^ W tfl ) #> * ^ F«1 ^ ^ 

#T J. 1 4 A 2 0 # - - it A ' m2 it m ° TDM l 6 ^ l 8 it 

^ 4 ^/t ^ ^ ^'J ^ ^/t * ^'J ' ffij ^ # - Ife # it 

^ im it ^ .i-s. ^ ° itb ^ e S FbI # a f.^ ^ ^ o ^ 

#T ^ 1 4 ^2 0 ^ ^ f^l _L ^ ^ ^ ' ^ ^i^TDM >;tL ^ I^] f -J it 

5^ ° ii: ^ ^ ^ ftl # # ^11 6^ 4^ ^ ' ^ - 5^ F-a It ' 

^ - u it m m ^ ^ ° ^ s'j A 44 ^'j BCs ^ 1^ >ii ^- 

2 2 fal ^ # ' ii 5^ e i& # Is ^ it i^ M Hi. ^ ii: 

^ ° ^ i'J ^ 44 fJTDM yiii ^ fH ^ ^ ^ ^ fal 34 #, # ^ 

' # * _L it - TDM -ft ffe ^ ^ ^ ^ $-J A 44 ^'J ;t # 5£ * 

^ o 









1122-4 




# ;t i# -ft !#o ( ^p - j® m it - 44 n it #o 






jig 


^ it — 


^ $'J -ft fife ) ^ -4 # 1^ Ji it SI 1 a ^ 1 b m it 






44 


5'J ;* It 


jt 


ffe ^ :^ ^ l=S fS] ° # lit 2 2 1^ .^^ TDM ^ 






4t 


,1b j^ 1^ 


^ ° ^ fai ^ # # a ^ it n % n ^ 








IT ^fe ' 












# .51 S 


Fal 


# ° ^ * ' ^ i^n % h ik'^^ Aik 




^ic J?. 


t 


jt Sfe ° 








* J:- 


it 


' ^ Pel 




# ^ »11 ^ i la 4|t J. 1 4 ^ S'J ^ # j= 




#j ^ 


20 


^ 44 ^'J 




m it ^ ' ( ^ m m) ^ m ^li ^20 i^. ^ ^ 




&^ S 








K 2 ° ;f 15] S fal ^iL ^ it it, # ' #J -kv 
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1. ^^mn.m (i4) 

' )^ ® f5] liL it ^ [5] X 6^ #T ^ ' ^ ^ m A ^ ^ m 

H it * it M ^ ' A # ^ ^ IJ. ^ a 4i it # ^ > 
n B m ^ ^ ^ fal ^ fal ^ # ^ it, SI o ^ ^ 
'If t ' ^ ^'J ^ >^ -f^I ^ M K it t ^ ^ -fin #1 J. ' i-^'J 

' - ^ i^lg a it ^ -^t ^ Fal ^ # ° 

2 . #T J. .il [!§■ # ^ i]t ^- iik. a # # 1^ 

a _L -fsr - # J: ^Los #T J. # 6^ # ^ H ® # # m 

# ^ H ( SI 4 ) 5^3 6 ^ ' ffi i-X ^ ^ #T I. J: #LOS i)^ 1^ 





3fp 


[op 












it i^ ic, ^ la # ' 








^ M m 




@ 




5!^ ^ t lit 


# ijt ° — ith S» 








^ — J. -fi 


* 






^38 ' -f^-J -kv 


' a # ^ ^ 15- ^ 




J® 




$1. n ^ s ^ ° 


















# ^1 ^7}^ ^ 7? ^ 


it 


# 






J: # ;t ^# # ia 1^. 








fal ^ fal ^ 








1^ ilk. # 11" 


m 






it 


m n m M-y^ M. 




1. 






LOS m m ^ ^ sL 




#8 5 


° a _L J- 










t ° ^ itb # 



it. T ' * ^J^ i ^1 6^ F-a # d ;^ t ^ ® # # ° 

j-x T n m m m. m & ^ m ^ ° 

ffl i -Jl^ #T ^ ^ ® # # J-X itk. ® 5^ t >^ * ^ ^'J ' 

t # A ^s- ^ e t^? ^ >11 H ^ #T ^ jH ^^LOS ^ ° ^fx ^ 

# ' i-X T m f;(7 ^ # ^11 ^ # ' ^ - ^ ^ 

J: # #T J- LOS ' # ^ # >^ # * iliz. S t It iJ^ 3 6 

iib ® # # 4i ° J-X T t£ t ' i% U ik. m M m % $^ 

j::- i/o J-X # iH o it ii ;f ^# 1^ ^ ^ ^ ^ ^ ji ^ ^ ^ 
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3- - ^^mt^m (15) 

^ ^ ;r >i 6^ # i£ t5: tf ^ 

£ * ^ fal A fal # J: #LOS #T J. ^ ^ ffi _L it 

:^ ^ # P-S- # A ^ Hi- # iils H it -f^ ffi '1-4 ^ it 

tfl^^a^i^lftt^^^e.' tAi^^t^^HtF^ #LOS #t 
^ >R ° ii: t - # iib fi/ # # 4t ' m U 5k ^bLOS #t ^ 

ii ii ^ ^ IT ^ 1^ T ^ ffl '1-4 ^ # »lt ° 

^^mLosia# ' m ^ ^ M i^ss m s^sQ ^ 

^ m ^iL S. ' ffl 4 '> # - itb £) # -f I- 4t 3 8 11- ^=3- - ^ f t 
# ^ 5^ a ^ * ^> ' ^ t lli J: #LOS m ^ ^iLTDM ^Jil ^ 

TDM >jll it # ^ ( ^ # it ) ° m ^ iilz. ® # # 4t 3 8 

^ i ^ 15] ^ M ^ # ° * >^ ^ #1 ^ * ^ ' 5P 

it ^/t ^4 ^ ^ — M ^ -^1*1 5^ ° ^ ffl :J{o : 1 ) ^ I- Jl 

^ ^ >^ ^^(TDM-MCM) ' ^ 5k % ' jl 

^ m P x-(OFDM) ^ # it -TDM 1^; 2) ^ 'f^TDM ' m # 
*f ^TDM ffi ^ # - # ^'J ^ 'li. ^^SL ^ n m ^ ' $^ ^ 

^S: ^ # ^b H ' .^^ * - M l# ^- ' - ^ # ,fi it -il A ^ 

lit. 4 t 5^ ' ^ ^'J # ^b II # si i-x -f^ 14 # ^ 

;5'J ^ 3^ a f 'j it ^ ' i-X 13 4i # ^ ^ ; ^ 3 ) # 4 it iB 

(CDMA) ' * t ^It J-TDM # ^ ± ^ it # it(PRCs) 

la ' ^ it # ^ a # ^ ^ M it ^ ^ t B^CDMA 

!t. # ^ It ' ii 1^ »)t S ^ # # - PRC ^ ^§ ^ ^ 1^ ^.i, 
;5.J ;5'J ^ diM m ° Ji id^PRCs ^ :Jco _l it ^ ^ # ^ li 
-f-^'Jttt>^ffe09/112,349 ' ^1998^7^8 a ttf ' it ^ 
^ " -TDM M ^i. ^> ^BC «'J ^ ^koPRCs ° 
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s. ^ ^mtam (i6) 

a T B - m TDM-MCM }^ ^ ^ n- 1^ M ^ ° 
TDM-MCM - m # a J: # # ^k. M #t ^ -^TDM m it # 

0^ >^ m m. iiicM # m - jib ^ j^-j 4 ^ n m #^ m 

TDM-MCM ^ n M ^ # 'It ^ #1 ^ 6^TDM >jil m " M 

lib fs] ^ #T ^ iti ^TDM n n m ^ ^ # m 

^ ^ }^ ^ fal 6^ 15] # ' tf ^ #T J- 1% iih S( # # i^i FbI 
A i^lL ® # IJ- 4t 1^ # ^11 H ^ Fal ^ # ^ 34 it ;^ ^ ° 

2. \ H "Ik m TDM-MCM ^ ^ ^ M 

^ 1^ #T J- # it 6^ it # ^ ^ t& 6^ ° ^ : 1 ) ^ ^ it ^ 

fel ^ fal # -ft m 4a 1^ # ^ - i ^^LOS #f ^TDM ; 2 ) ^ 
a it ^ ^>J a ^'J ^ ^ -ft 1^ 4a #1 J- ^ - JL #LOS m J-TDM 
>Jll ; 3 ) ^ 4a 1^ ^If ^ ^ p% i #LOS #T J.TDM >.tu ( - >jrL * it 4^ 
BCsA^ ->.1l*<,it^5'JBCs); ^4) i ^ f^^|f^-^i^igJ:4:^L0S 
m J-TDM >Jn.( -TDM wft ^ it ^li 5'JBCs A ^ -TDM yA ^ it ^ S'J 
BC s ' % - ^ it ^ I'J A # i'J BCs ^ ^Jl ^ ' * t - ^II i'J 
BC ^ # - ^ -feTDM t ^ ^ I'J 15] #) ° 

^ ^ - 44 'It ^X. ' >^ # ffl r«1 ^ ^ ^ # ' m itBCs 
TDM yA * iib © # # 14 M 38 4'J ffi TDM-MCM ^> J: 4^ t M ifo j^x 
4^ ° ^ )fcb ^ 'It ' ;^ *LOS J.TDM 4^ ^lic t 51 i4 - ^ it SE. 

i-tb ® # # ^ 5^ a it iS ^'J 6^ -4 A # it ^ it ° ^ ^ 'It 
^JL t ' TDM m it ^ $'JBCs # ^ iib fi» # 11- ^4 fvfe 3 8 ^'i ^ -TDM- 
MCM ^ i/o a l€ it ^ t ° 

1^ it # A ^ it ^TDM-MCM ^> :^TDM -fi: it >.fL J: ^ it 1^ i #T 
^it*^4aJ5]j^^ o ' ^TDM-MCM # i #t J. TDM yA t it 
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5- ^ ^fmmm (i?) 

^ n ^ ^ ^^Cs ° ^ 6^ 'ft >x> ' 5^ m 

^ i\t n ^ ^ ^ ^ M ^ m it 1^ ^ ^ ^ 4\ ^ ^TDM S 



# ' ^ ^1 fal # -1^ i]^ ^ .fe ^i- ' ^ ^ - i-^ ^ 

# 7v — ^ 3l ' ii tj? ^ it iili © /".ii ^ II IS t ^ ^'i B C 6^ 

f,^ ^ ^ i #j J. # ^il: BC 6^ M ii Pal ^@ 4 >^ o jtb it 

& # ^ 3 8 1^ #j J. Fal 6^ ^ ^ ' A ^ ihfe 3 8 # 3o 1. I & 

18 40 t '^^42 m m ^ ^ ' A )if LOS TDM yA # ^TDM- 
MCM }A ^ 6^ 4 ^ it ° 

# ii J'j it. S # # -ft ffe 1% iib » ';,ir ^ le, ® t '^^ 4 2^^ i'J #1 M. 

\% 6^ it Fal # t ^ ' f 'J it iik. ® /'.ii ^ la m 4 0 ^ it 

6^ Fal ;^ ^ ^ ^ ° 0 itb ' # # F^l ^ it ^ it © ^ |e, 

® 4 0 a^ ' iih a A #T J- ^ fal 6^ " ^ " ' {?-J ' ^ ^/t ij^ 



^ m m ^ ^ ^ IS 6^; t «^ ° itb 15] ^ ft # ^ 



^ ;{r^ ^ — itt ® t . -g^ iib 0& MCM life 6^ fa^ 1% ;f@ ^IL 

4 ^ f'J it itb ® ^ 11 IS t '^^ ' ^ * ^ # t;(/ 5^ ^ ^ §^ # 

t ° ^ e ^ 5^ # ^1 ^- m ® /-^ ^ 11 ® t a^ ' MCM 

$'J it Fal 1^ ^iL ^ ^ ft ° M * tf ' ^ ^ -sf A i'J ic, ^ 

#T B^ Fa^ ' ^ ^ J-MCM ffe ^ ^ ^ 6 0 1^ 6^ ^ ' ^%<f 

i /"^ 1. la SI t 6^ it 9 :e ° 

m # -4^ # 8^ ' # - # # #t % M H J-x iiiL >^ # i ^ ^ 6^; 

# 4t H # # ^ *TDM-MCM o # *r -fi ^ # Hi. # 6^ 

^ la m ^OdBW ' ^ ^ # Tfr t ^ A /'>a 1. la IS ^40 

dBW ° 5^ g >^ ^ i-X ^ ^g. PJ- 4t J-t 6^ # ' * t ^ 
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s- ^ ^^mttm (18) 

.^1^ 7v Oj -61 iSi 5t ^ 4^ i ilb ^fi 6^ 4^ il ° 3- ' -ft i 
_L iE it ip. 5^ ^ ^ it 5^ # 4i ' ^ ^ a itb >^ J-X 

2. 2 #t ^LOS ^-fe 5; # # 1^ -ft life ^ f^l 6^ ^ 

^ ^1 # f;!; ^ + Is HiLOS TDM #t ^ A iit ©TDM- 

MCM # 111 it[L SFN FbI 6^ # # ° ^ ^ m ^ n ^ ^ ^ >i: 

" ^ ^ w ^ ^ M m " ^" ^ m ^ ^ m ^ n # 
ith. fij ^ #i J.BCS ^BC m. #1- ^ f'J # itr ^ * # # * M 

^^M^ ^ ) ° itb a # ^ iih- ® A #T ^ BC n f£ A # ^ 

^ A V i t e r b i H 2 8 ^ ° iib #t ^fe ^ # it ' 
^ m ^ ^ ^ ° 

-h it W ^ ^ ^'J ffi i% ® A #T ^ ^/f # ^t ^ f^l ^ ' 

ffn ^ ffi ^ A a # ,^ ^ ° ^ # t^s^ A ijt mios m 

1.TDM ^ A itk. SSFN # # 4tTDM-MCM ^^^t^^^^^ - ° ^ ^ 
>^ 3!! # it 4i ^ BCs ° i-^ m ' # «11 ^ 2 2 it # ^ 

-f^ :t #BC 0^0 t ^ ^t gpLOS TDM ^TDM-MCM) ° # j?, f -^r 
it iiS -1:^ 41 ^iL 7t >JfL t ^iL 7t It 4^ ( BE R ) i?o i-x # ° m 
#. J'XBER ;a ^ ^ ' t£ :i(n T ° 

-tTDM-MCM BER^LOS TDM BER-AIBERh^ > *LOS TDM 
1^ 5-TDM-MCM; A 

#108 TDM BER^TDM-MCM BER- A2BER ' ^TDM-MCMi^ 

J-LOS TDM 

-f^ ffi -h it AlBER A A2BER ' ^ jLLOS TDM ^TM ^ m 
^ ^ -t- ° ^ A2BER> AlBER > TDM-MCM 5-LOS TDM 
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i ^ ^^mttm (19) 

-feJ iM: 4iL i LOS TDM 5.TDM-MCM 6^ ^ ° it ^ ^ lit ^ 6^ ' 

# it 7v Tfr X ie, ® ' ^^^22^ ifTDM-MCM m af J: 
® ^TDM-MCM ° jlb ^ Ji ^ -f^'J ' -fS. ^ i^o 5^ (140 ' LOS 

TDM BER=1 0-^ A A1BER= A2BER=1 0-2 o lOS TDM ^TDM-MCM S^j 
-fe; m # ^ ;^0. 0 1 - 0. 0 0 1 = 0. 0 0 9 > ATDM-MCM ^LOS TDM 6^ 
# # ± ' ?pTDM-MCM# ±0. 01 + 0. 001 = 0. Oil ° i^:LOS 
TDM 5.TDM-MCM I^TDM-MCM EJ ^LOS TDM ^ f ° ^ A2BER = 
4x10-2 ' TDM-MCM ^LOS TDM # ^ ;^'^TDM-MCM BER = 

.015 ' ^^*^-'t3t#it!L ®MCM ^ ^ $% ^ S.LOS TDM ° * -to 

# ^ :^ ' :^(o !fe # m tb ^ ^ ^J(.BER ffi ^ 
2 ■ 3 ^ilL a T D M - M C M # 



#T J.LOS TDM 'A t ?^ "s: # 6^ #TDM-MCM t # #u 

1^ ^OFDM m ^ }^ ' J-X it J'J :i: -fiSFN ° ^ ^ t£ ^ 

t ' # - TDM t ^4 ^2 7t ° ^ ;^ # ' ^ ^ fs] 
6^j2 -flL it ^1 ^ ,«^SFN40 iiiL ® # # AtTDM-MCM t :^OFDM 
s'J M ° itb # ^ # - ® # # 3 8 f5] 6^ 

e ' "El ^ .i^ 5^ -fi - iib fi? # # 6^ # ^ 6^ >li M. ' 

^ ^^TDM-MCM ^ M ^ m ' # >lic t ^Mb ° 

#-T t # !^ ^TDM-MCM >^ m ^ -MCM # #> #'J ffl5 

t)L ° -t ^ ' m # # ^ #T J- ^ f'JBCs 6^ TDM jJHTDM t *^ 
# -f^ fal ;fa HP H i4 m m f'] " - TDM # # 2 

7t 0 TDM W # f# ^ # - ^ i444 ^M #N ?>J ° M t5: tf # 

$i ' *TDM-MCM # # f Ji ^ ^« ^M5: tf >f4 ^ ° :t ^ ^^TDM 
i$r ^ f'l ^ ^ n ' T :i: ^ T ^® ?'J ' jtb # ' 
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3. > %mi^^n (20) 

% ^ - ^ ^ U ^ ^ ^iTDM 1L ° ^ - d ^44 4 

m ^ ^ # it # ^ ^ # m( IFFT)46 ^ #1 ^ ° IFFT M # 

^ - ^NOFDM ^ yk. ^MCM # !!fe48 ' - ^'J -TDM t # 
m - ^ ° ^ - OYm 'A n - i]v ^ iiL $~ ^ ^ ^ 

t^QPSK %n ° ^ # -MCM # Ife + 1 m " #^ ;!> t 

^TDM W ^1^4 # fife H i4 ;^/t ^ # ' ^> - ^ ^ 6^ MCM # fife 

5 0 ° TDM 11 Jt444M ^M MCM at fal m ;^ # ^4 8 > -g^ ^ ;t N ^ 
y^ij^ Jc - ^SL ^ ^ ° itb M ^TDM-MCM ;f 1 5 0 ° # -TDM 
-MCM ^15 0 ^/f <^ -^TDM t # # 5ife #M X N ° jiM-8 #N = 

6 ' S] 5 ^ ' # #> ^ t£ ° lib - ^ ' iH ' M = 9 6 0 
AN = 1 1 6 ° 

TDM-MCM - ^1 # Si- ^ -ft ' i -^^ 2^36 # - iib © 

# # i'iSS 1^ #t # -TDM-MCM # ?ife48 > ^#-MCMf^!^^@ 
IS] _L ^ ^ d i4 6^TDM t *4 # 5£; ^ fJj ' SFN36 ^ fS] 
itk. ® # # ^ i^fe38 n it H 22 ^ ^ 4 TDM-MCM # M.48 t ' 
^ ^ ^ 4a i'o 6^ # ^ ° TDM-to-MCM # fife J^] # A f ^ # >^ 

^ # - itb ® # # 4t i'-fe t i-^A iL -fs ^ ^ 4@ 6^ ^ 5^ e ° 
MCM n ffe48 fl^ ii.TDM-MCM ;^l50^ffl6t^it-#tjLa^ ° - 
TDM a - # ^ it #R( 5p -fiL 70 it ^Br = 2 X R) # - # M. # it2 
^^L 7t J-NxDM # f-^ .^-^52 :^IFFT ° # !^ J: J-^^ till I^Q it fs# # ii 
P# ?'J ^ ^li # ^ ^ ^IFFT o - A ^J^ ^2" IF FT 4 6 )lf Ntdm 

# f^52 # ^NxDM iE- ^ 4i # M(QPSK) *l >^ ' ^ ^ ^TDM- 
MCM # M. ' a 6 t 54 m 7F ° ^ idL I ii i 4# ^I'J ^ # -QPSK 

#MCM OFDM m >^ •= ^ # -TDM-MCM !^ ^tN.nMOFDM H 'A 
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i ^ #a^t£a^ (21) 

* # #^ fa1Tsym = NTDM/R ° S itb > MCM # i4 4^=R/Ntdm " # 
- ^ iiR. :^ # #1 = 2" ° IS itb ' I FFT4 6 *^ ^ iiR,MCM # f£ 

^ ^ #.2" R/Nt-cm ° :J(o ffl 7f5 6 ' ^ ^ - tl # Fal ' # m 

f«1 7? ° ib^ j^lFFl m ^^(l- V )-l ^ f^^ ^ ^ 

° ^ -TDM-MCM ' ^ # - M^^m MCM # - ;i;o 7v - ;tl 

^ ^ 7l49 ' it - # m # fal ^ .^(Mmcm + 1 )/ Mmcm ' E ^ 
5 8 o TDM-MCM ^ t^M £ ^ >^ R ( R/ S ) ( ( 1 - 77 ) - 1 ) ( Mmcm + D / 

^TDM- to-MCM # m ^ t ^/t ffl ^ # tt( gpTDM # fife it 
^R ' # -MCM #uTDM # m $t ' IFFT *t2" *c > ti #1 

f^l ^ ^ 77 ' ATDM-MCM +1 -k ^Mmcm) it # J-X it ^'J - 

TDM >fll64 - ^ it :^TDM-MCM :tl5 0 ( B1 9 tf ) ° jtb it # 
TDM-MCM U it ^TDU ^ m wi XiU¥?) °IFFT-:^j^^^:^2" 

1^ ^ #> M. ° 2^ ^ 'SL^ m ^ ^ ^ X ^^TM ° a itb ' -fi K ^ NxDM 
OFDM i>J ^ # S m n i% ^ ^ ^ 5. IFFT46 ° # it # ^ 

Ntdm # I fft tt t t ° m n n ^ ^ it m 

I FFT it m # ° 

2. 4TDM t ^4 # ^TDM-MCM t # Ife fg] # 

_L i4 . TDM-MCM ^ ^ % m ith?>% -M. :^ ^^ ^ ^ - m m 
5^(SFN)36 °SFN36^^^tit!L®#^^^ti^^38 ' ^ ^ %^ M 
^ 5'J #T ^LOS TDM >^ ^fi ° m * i^lz. ® # # a 4i 1^ 

M ^ ^ X. # 4t " # - i^k. ® ## IS] TDM- 

MCM j:^ H * m # # ° # - i4 ® # # 4t # A ^ it ^ 
ia. ^ 5'JBCs ^ I^ #j I.LOS TDM #u ' ^ it ;^^TDM-MCM ^ 
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i - %mn.m (22) 

'A -^TDM >.tL ^ m it ?#u # *(, it # ^'JBCs ^ #t ^LOS TDM ^ M 
iiSFN 1. la IS t s# fal ° m it ^ $'JBCs ^ #x ^LOS 

TDM # !t # A - 5iL ^ .^g ^ .^TDM-MCM t # # ^ 4n J^OFDM 
^ >^ ' a T SI 5 # ffil 6 m ° 

;C ^iLSFN36 M ^ 38 ^ ^ #t * ^ 6^ IT A ^ 
M. $1 m ^ ik ° a 4^ # ' ^ iib ® # # 3 8 ?I it fal 
^ it i ' -ft m it ^@ I^ #1 ^TDM t # # ^ ^MCM ^ f 'J it 

m ^ }^ n. $1 m f ^ f i2 ^ it m ^ " t^^m.m^^^ 

fA ^ ^^iL ^ " 1^ fal ^ it i # 5& iL ^ Hi ° - « ^ 

^ic ;5'J iih ® # # 4^ 1^ #1 ^ ^ 6^ lEE ;^ ^ ' % :^ m i% 

— iilL :I%SFN ^ $1 ® t '^^ ^ fal 6^ jfE ^ ° 

it 1^ ^ |£ 3t ;f3t -it 6^ tf # :!{o T ° 

^ ^ # ^ it i 51 it ^^TDM-MCM #iSFN /"S, ^ Ie. IS t 

;ft *(/ ^ -^^ ^k. n ^ m ALos m it ^ $ -j ii » it 'Sl^ m 

% )^ t m M m m M. ^ I'JLOSBCTDM it M. ^TDM-MCM iik. » # 

# m it ^i. ° ^'J it >S ^ I a ® t ^'^k^ 'SL^ ^ m J-LOS BC 
TDM it ^ it fal ^ ^ ;}^a [5] = ^ it ^'J itb @ 6^ ' - ^ ^ ^ 

n A n -ft m ^ fal 6^ 14 it * lii^ ffl ^ ^ it #f ^ ^ ^ LOS 
BC TDM it " it ^ it # # # ® ^ >i^TDM ^TDM-MCM # ^ 

i ^ t i^ ^ ^ -4 J£ ^ it ° * ^ I'J i-X - it ' ^ 

TDM ^TDM-MCM # 4^ f ^ liT ^TDM 7^ t ° 

-^r ^SFN 1^ ;(;o TV - it 4 ^" /-^ I. Ie, IS t '^^ " ' -f^ ^ ^Sl 1^ 

^ * ^cp 6^ # lit ^ = ^ ;^r^ ^ ' # ^ .S. PJ. ^ 6^ 4^ ^ 'It 

' SFN3 6 itb ® # # ^^3 8 6^ ^ ^5. ^ ^ # ^ ^ 15- ^ ^ 
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3. - ^im^m (23) 

^ 6^ /'S ^ Ig- SI t '^^ ° ii # # f ^ # J:- i4L flt ^ it o 

3 . ^ JL U #f J. A J-SFN /'^ ^ II B t ^£ ^ ^ # # JE- 

^ 34 ' JL JL ffi fs] # ir^ ^ 38 # 11- ^tTDM-MCM 

f£ f-J itSFN m % %l m ^ ' : 

a) m ^TDM i #J ^14 #j J.14 A20 # # ^38 
^ ;f |5] it fal . ^ 

b) g] # # *i # 38 #|SFN ^ m S) 42 ^ fal ^ ^ ^ ^ 

iLBf;^^^^#-#^$'4tM^iLit ' )jf TDM >>fLTDM t 
# ^ ' ^ le, 'It ^ £ t ^ ^ - it # Bf fal ' m ^ ^ 

IFFT46 ° 

3. 1 #f 1. ^ # # i'^TDM JL Bf ^ 

4^ ^ a i}^ #T J.TDM m ^ 1^ # # 4t i^38 .^151 5^36 ° - 

1% #T J. FbI 6^ 5£ ^ ° it # — itb ® # # i^i ^IL ^ i% #T 

J. ^ f.i 6^ m ^ $i m ^ m ' itiDM s'j it b^ r^i ^ i^j » 

J. ' ^ - itk. ® # # M 3 8 1% i& SI 4 2 t ^ F«1 'tl^ ^ 

° T ^ '\f }Z ^ m ss. m ^ ^ m ^ ^ f^^ ^ ^ X ° 

it. t£ 8^ ' aSFN # # 5^36 ^ -f^'J ' ^ & ^ - tt 4 ^ 

iih S # # 4t 3 8 ' ^ itk, J£ X it # >^ j-x /"^ X - -fff A ^ >fa 
m ^ ^ ^ ° ^ |3t ftl ^ ^J- ^ Pr< FJ- ^5 ^ t ' 'J^ * 6^ 



® # # ;i 1^ ° ffij >it A ^ 1^ 6^ FJ- ^ 

^ A * ® # # 4t ° 

tf # i^h ® # # 3 8 ^ #T J. 1 4 f.l g) # 11 



IS ^ it ^ 
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i ^ ^^mttm (24) 

^ ^ ' ^ n m -kv m7 ^ ° m ^ ^ ^ ^ ^sl ^ ^ jl 

itiL ^ _L ' #1 ^ 6^ ^ i ^ fal ^ >I-J # o :t # #J J- 

^ i'i ^ 3 6 a 1 ^ 7F ' :i: it 6^ m ^ ^ ' ^ ^ t fa^ J-x k ^ ^ ° 
^ ^ 4i — ^ ^ m #j J. lA ;r ^IL 6^) ;^ lij > >{i- itiz. 

*LOS ^ JL ^ fal 5£ ^ ^ d,„, ° it^iti^^ml^ 

1 ^ fal 6^ ^di,„ = d,„3, ° >i t BIT t ' ^ it ^ #3 5^ ' 

it^^l ' ^ fal ^ - 2 " ^>J LOS -ft^ #F Ig, IS ^ a A 
Ts 1 antk A ATs 1 antmax ^ tf ° ^ ^/r # i^fe ^ f ^ #t J. ^ JE- ^£ A 
a e 1 V ^ ^ ° ffii J. ' >i S'J #T ^ fi ^ >r ^IL # #i m ^ 

^ ^ ^ fs] ° S iib ' ^>J ffl ffl 8 ^/r ^ ^ tf # i^i ^ k Am ^ fel 
M #f- ^£ i£E ^ ' a T ^ i #j J- ^ f5] it flf fal 60 # : 

0< ATslantk< ATslantmax 

* t : 

ATs 1 an tmax= ( di„ c)x cos(elv) 
ATslantk ^Cd^^-r c)x cos(elv) 

= Tfe. it ' f> 
m # * t it 4^ ^ AT,„,,,,,k ^ a ffi ^ - i^T^ ^ k ' 
J^X ^ ^ ^ 4^ S ^ #j ^ TDM -ft 60 M ii fal ^ ^ ' T m 

AT =AT -AT 

^— ^ ■'correctk ^— ^ ■'■slantmax ^— ^ -^slantk 

^ m ^ ^ m ' * iL JL 'J^ ° -f?'] ' 4- it 

dlin = dmax = l 8km Ael v = 30 ° 60 'ft ^ ^ ilb 'If ' A 
Ts 1 antmax = 52 s ° f ^ ^ 1 ' :i: # ii #t J. ^ ' ^ iL ^ 

ATcorrectk= ATslantmax = 52 /z s ° t^f :{p^ ^ A ^ A 
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i ^ ^^^Htam (25) 

Tcorrect,„-0 ° 4i ^ ^ it f m ^^J S^h ^ k ' * AT,,,,,,,^ ^ ^ 

^ # i'j ^If ^ -^SFN }^ M. $1 m ^ f ' # - # # 4t ^ 
3 8 f ^ ^ 6^ ^iL ^ > # - ;f |5] ' it 6^ a Ji iifi 

^ it # 6^ ;!?t7 i-X jt ' 5p i^i ^ #T J. FbI t Mi # ^ 

# t -i^ # ^ _L i'j #T ^ ,fi ^ t * a ' A * m ^ ^ 

m ^ r^i 6^ af F4 o ^ g s-j #T ^ ^ A £E A ^SFN M- $1 m 

^ M m ^ ' ^ m ^ ^ ^ ° 

^ ^ m m A f/j it ^ M M. = ji iitL tf # ^ 

it ffi 1% #T J. ' t A # - 4 4 ilii S ^ 5c X :^ ^IL 

^ ° - i^h ® # H it #1 J- ' m M. $)i it ^iL S. ^ ^M. ^f^ 

° # fl- _h # #1 ^ ^iL S ^1 ;^ # ^ $iL it ^IL £ t -fl'J 

^ m :=- ^ mbO " ^ 2 1 , 3 0 0 ^ 2 5 , 6 0 0 ^ > * 

i-^ ^ if m *A it m M. ^sl s. m }^ ^ ^ M ^ ^ ' 

_L it jL tf * # # >F A o ^ A 'J^ ^ ^ i§ 1 3 5 ^ # 

f t -fi ° # ' ^ m ^ ik ^ 1^ ^ij ^ ^ ^SL S. ^ 

^ o it # ;f ^ 3 1 ^ J% f ^ J% ji ° # 1^ ' ^ -fi 

ii^Mi!§166^#^'i%f^'%m ° 

-fa ^ f=f # iik. ® # H l/L it #T ^ ' -k^ M #Tundra ' Molnya > 
t H lii it ( I CO ) A -fg. iih, ® lA. it ( LEO ) ' _L i4 tf ^ J: tf ^ 

f ^ ^ # # :|t ^ 3 8 ii l| :^ A #T ^ i ^ ° t M 

m ^ it m 4# ' * tf # m >^ i it :^ >i 6^ ^ ° ffij J- ' m 

# # II lii it ' * tf ^ 4 ;i. it 6^ it ^ ' m^^^ #LOS #F 
5^ # j£ ^ ^ ^ + \- 5 0 0 ^ f::J'^ ° 
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3- > ^mnm (26) 

3. 2 ti m m ASFN >>2, m ia m i ^ SFN36 ;f itfc Si # # 
*t i^i38 # # ^TDM-MCM -ft ^ ^TDM-MCM ;^150 ' * ^ ^ :^ 
:ko _L i4 SI 5 ^ 6 ^ m ° ^ ^ >S ^ ie, IS 4 0 ^ ^ H 2 2 

' ^ ^ ^ it ^ ^ ^ M ^ ^ m it ^TDM-MCM m ° it 

# ^'J it Fal ^ $ # ' ^ ^ ^ m ° 4 # 6^ yi: 'I'i 

It: J. ^ iib # # 1^ iEE ;^ ^ A # # 4t J- -^^ ^11 H 3S. 
m M. ^ :^ ■= TDM-MCM ^1 -f-^ 15.^ ' -ko ^ ^ ^ ^ >^ n 

22 6^ f 'J it Bf fal ;f ^ it ^ ^ ^ ^TDM-MCM ti #t #J fa^ AT , ^ 

% ° ^ itb ti #T Fa! X. ^ AT G ' m ^ SFN # # ii ^ 

^ S'J it Fal ;^ 'i^^ ^ it A T^ ' SL^t^m^^%^^ih 

c X ATg ' ^tc^^til ° 4tSFN36ii]z.®#|$-^tM38^ftA 
J: # i& ^ ^ -5^ ' -kv mil ^ ' ^ t - itb ® # # *f ii # It ^- 
3 8a i% ^ -38b i a ^@ ^t ' IE ^^D = c x ATg ° it ^ ^/t # iib 
a # # It ii >fi Pfs. J: D = c X A Tc 1^ ' I'J ^ 

^1^ il^ H 6t TDM-MCM tl S>J it f^l ^ ATr #> ^ ATg ° ^ ' ^?'J 
' ATg = 6 0 ' W\ i a 1 8 m ° 

^ it t£ 0^ M t5: ^ SFN3 6 ^ ii # 38 # It ^TDM-MCM 0f Pal 
.^f: m % ' ^/r * tE f 'J it >a X ia SI 4 0 ^ t 4 2 # -L ^ 

^ ft # ^ ' n\> fj\ ^TDM-MCM +115 0 ^ m it f-^ ^ & ^ -t- 
% % ° ^ it § 6^ ' ^ iib ® # # It ii -^^ # It Fal ta 

^ % \t % ^ m.m.^ I'^m ?k ° it ' ^ - # t^ ^ 

# - ii ^ 3 8 # #1 1. 1 4 fal 6^) 5£ ;^ ° ^ — #t tic JL #, ii ^ 
3 8 # >a ^ le, 15 4 0 t 4 2 §^ ^iL £ fal ° 
3. 3TDM-MCM tl t^ JE- 6^ tf ^ ^ 
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^ 3.^ m ^ ' di,„ ' ^? ^ n 

a XX m ° >i :t ^ ^ 
ffr; J- >i SI 7 ^^^'J t 'HI #, 



i ^ %mitm (27) 

a T tiL ^ itb ® # 41- /'^ m le, SI t ^ ^TDM-MCM ;fll50 
m t 6^ ^ >^ ° jtb ^ >f J: iL 6^ ^SFN36 ^ iih fir # ^# ih^ 
38 ° BI7 t£ a^SFN36 iih ® # # 4t 3 8 Se, 4 ' ffl #i tf # 

1^ ^ ^ M ^ ° ^£ # W i-x T ^ ^?'J t£ ° 

^£ ffl 7 ^ M # t# ' ^ iib fi/ # # *i 38 # j;^ 1^" i " * 
^ ' ^ Ie, E i - :t ^ ^Ix ^LOS M i-1 ' m m M.10S 
5E :t it 6^ - I = m ° ^ ^ g] t ^ ^ 1^ ^LOS 5£ m 

:tt ' ^ 1 A m ^ fal a fi- ;f life 

<il # ^ i ^ ^ *i ^ ^ m J.LOS 
f ^ it # 3 ° 

7}c ^ ^ $^ ^ ^ ^ - sL ^ ^ ^i. ^ it ^ n m 

iLLOS 5E ;^ o i£E mDi, ^ ^ ^ I #1 ^ la ilc42 t '^^ ^ M 
^ # ° ^ # I ^ jt A t i # ^ J-X T >I'J ^ : 

Ati = [D,,+ di„,*cos (el v) ] /s 
^ t e 1 V #T ^ i ^ A s # 7^ it 

_L ^ ^ tf ^SFN # # ^ ^ ° :t ^J^ At i JX At 

^ ^ ' T — ^Sl ^ >I'J ^ ° -g- iih ® # # ;j=3c JE- jE A 

T i ^ ^ T : 

ATi= Ati- Ati,i„ 
iL iL flf AT i -sf >^ ^ iiiz. Si # # 4t I ' # # ii B^ 

Fal ' ^ ^SFN ^ II, HI t m #TDM-MCM U f it ^ - ^ ^ 
S. ° M m m SL SB. ^ ^iTDM-MCM iifc ® # 11- MSVn 

n ^ 4t " m-3 tt 6^ ^ # tf ^ ^ t£ 0^ ^ m M ' * t 
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^^^mmm (28) 

d„3 i% ^ n ^ -y^ ^ ii. m m ^ ^ ^ ^ ^i] ^ m ' AD,„ % 
'^n k ^ ie, U t 3S. m ° 

SL M m ^ ^ ^ m ^ 
z:Elv = 30 ° 



d]3 = 1 8 km 


Di<, = l 5km 


At 1 = 1 02 fjL s 


ATI =32 JUS 


dgs = 1 5 km 


D2c = 10km ^ 


At2 = 76. 6 // s 


AT2 = 6. 6 s 


d33 =^ 0 km 


D3, = 21km 


At3 = 70 fis 


AT3 = 0 // s 



i4 i ;f^- jf #J J. A ^ # # i,^ fal ;^ ' ;&o _L 

# # At ASFN ^ 11 il t '^^ ^ F^^ 6^ ^ ^ ° ^ ' 
'i^^ ^ ^ 51 it - ^ it j;^ ;fi >ft i m M. ^ ^ A ^li ^'J 

m -f^ X ATDM-MCM # I' j:- H 6^ ^ ^ it ° ^ ^ *i ?| it 

6^ m % it 'ii^ -f^ i #T J- # fife # * iiiz, s # ^1- m ^ 
^ ^ m ^ ^ ^ ^ ^ ° it ^ ^ m n it ^ m 

^ it a Tel * ^ A 4 Jt ^ it A Tp ^ 7F ' ^^'J ^ i -^^^ ^ ^t 
ETi ^ : 

STi=TEL- ATp- ATi 
#J JL it ^ ^, A jll s^Tel = 5 ' ATp = 0 . 2 tJ-^ > ^ ihfe l€ it 
% 



ZT1 = 


= 5. 


0- 


-0. 


2- 


-32. 0 X 


1 0-6 


E T2 = 


= 5. 


0- 


-0. 


2- 


-6.6 X 


10-6 


i:t3 = 


= 5. 


0- 


-0. 


2 







^ m ^ # 3^ #> ^ $k ik t- ^fe ^?'J tit m ' # ii ^ PF^ 

^ $m W o - # A i ^ # a # A # ° ^ 
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i > ^kmmm (29) 
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4^ k -h^^^^M tL-h^^^^ 'f^k.vk^-^ ^\^tik^ • A 



'^X^m^^ : CODING OF DATA STREAM 



Coding a data stream is provided, wlierein the data stream comprises at least 
one packet having a given packet length and respective partitions of the at least one packet 
are coded with different error protection rates, the respective lengths of the respective 
partitions being determined by respective predetermined percentages of the packet length or a 
firaction of the packet length. 
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i ^ ^m^m ( 1 ) 



tfr^4" 2000 1 ^ IEEE Signal Processing Magazine 
t M. B idagavi - W. Rabiner Heinzelman - J. Webb - 
R. Talluri ^ "Wireless MPEG-4 Video 

Communication on DSP Chips"X# ° > ^ 

1 i^Bi^iiLTtyk^i^^ ' MPEG-4 

^^a.>f. 6(j @ *ig-*T- Ji* (simple profile) t ' 

i-X ts ^ -f^ S'J - ^ ^ -S. S ^ ^ » it # ^ Ji/ ^ A 6^ ^ i^. m 

' ffi a # it ^ 1^ 'j> lo-^ Uj-^in. i ' 

^ft^itit -r*^ Ilf^6fj>f4 7t#t^# (BER) o :^ gg^^ 

IS • Sib ' ^#^«ic.^Aiaiti4 

;^ ' a ^ it it Jl^ iJL • -lit ffi i^, ^ >5i ^ it it 6fj .«J. 
^ » -^Tilffl MPEG-4 ^^#^;j?r (simple-profile) ^^tfl;^ 
m ' -j^t^^^ (error-prone) ^ ^ it it ^ "^T # ^ &(j 
floret o MPEG-4 J!g^g>fit7t-;?ll^;^-«lLit'^^ffl 
'f^ 5<1 (unequal error protection ; UEP) ( — ^ ^ ^ i^^- 
iiitS^-^^ ^^^) • i-X ^ ^ iSL 7t * ^ -gp it ^ ^1^^ - 



m ^ B m - n ^ ^ ^ " ^itu iiij 
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^^^nnm^m^ mpeg-4 m.tfL^^i$^>mi^ - 
/>.mm.m mpeg-4 u^m-k^^A^^-m-k ' ^M.^m 
M tit ^ ^^m^^f^A^ ^ m ^-kJS, ' it^a^-^ffi-g-^-fe 

^t^tf ^^^ir'^ffi UEP ;^f.J . 3tS-^ J mm JLs^^i^^ ^ 

^ ('ffii^tj^^) 6*1 -g:^;^; li] ; > ^ # 'j® ^ ^ ^ t& 

-fl^ it ffl ^ a- # T ^ * ^ ^ ^ #J ^(J >^ 6*1 UEP o 

^^tbm.^^^pi ' ^itn^mm-A^^m.-k^^ uep « 

■i"^tbj^;t«-&irffl*li1f;5fe'f?'Jt ' 
*^ & -ft ^ III ^ -g: >^ I* o ^ j,x , »r SI ^ ^ #J 
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-5. tb <H ^ #J ^ -i: >^ - 



le. (marker) fn^^^m^k:^ » * t it # ^ -j® # t& 6f> ^ 
^ if ^ ^ #J ^f^# - ^ #J ^Pf^ ^-^a :i: ^ 

ffl 1 i^TT: MPEG-4 t 6(1 7f5|- ^ #J ; 

SI 3 miF - ^ *fe ^ f^l 4# ^ -f^ ^ 

(start code substitution) ^ (^tb^?-]) ##^^^-f^.ti ; 
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£- - ^mM,m ( 4 ) 



ir^ o 

® ^ 1^ t£ 8^ 

. ^^^^mmi^i^m^-^^^^nm (Variable 
Length Coding : VLC) . ^ MPEG-4 Yit it # t ^ ^ 
mmt^^mm - 1988 ^ 6 M IEEE communication 
Magazine ^ 36 ^ ^ 6 S| . R. Talluri ^#^^1 "Error- 
resilient video coding in the ISO MPEG-4 standard-^ 

■^tnm^ ISO MPEG.4 nmtm^^t^^,.tfLm0,^m^ 

^r.^t^. ^.fi . ISO MPEG-4 t*^.^#^i* . ^it 

(Variable Length Code) . 
^^^^^3.^^^ MPEG-4 ^7t>-^6^j^IlI.|± . g£^Y^ 
ffi**r)SI#^b (Resync) # t£ . MPEG-4 it # ^ ^ -ft 

itit#^ MPEG-4 ^ . ^ir^6^,^^ -„t^^^^ 
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i ^ ^m^^m ( 5 ) 

^•J ffl t #^#J Ji*^#.a-#^a t^^*ti (unequal error 
protection ; UEP) : m- n.^^ ^ m M tL ^ 't ^iSL tL'^ m 

^ - a 1 m^V: ♦ *- I tn. :j=Ii ' ^ t-J #, i ^ HI 

DC #ie. DCm DC DCT AC #, 

$km^^ " ^n^^^m p m^i • *#jie hp ^ 

tp M ^fe - 

'i± ' ^^^t ' >{iiti§ UEP m Wi-^ ^'A^ Ttn ik'^m 
ytm^m ^i^^ ( ?p ' *c j$ -f* ^ # -5.% ) = ^ ^ 3^ 6<j JL 

i^^t"^^. jL (Forward Error Correction ; FEC) jfe tb » 
UEP itt^iti^^'J m 3{l 6*) # '|± ' a;fa 6<j -fir it ^ ^ It 

-it ^ m ^ f 'J t ' ^^^^i (ia Wtfl6fj ilH.* #-'|± 

IN- it ^ ^ & ffn flMr * ^ ' ® lib m i7 ti ii: 

Ifl » Ifl *S ffij.-r 'DC # ^ 6(r i in. 4 # f$ ;^ AC #. 
^ : ® it ' DC #*t6t#^m-^^ AC #tt • Ifc^^lK 

-8- 

^*S.«5.X->g.ififfl t a ® ^#4S-(CNS) A4*?.;fS-(210X297''>*) 



583842 



A7 
B7 



i - ^m-m.m ( e ) 



MPEG-4 # t ° f^^P (Intra) - >-8-J (Predicted) A jj^ 
(Backward predicted) ^Ui^ ^ ' *tf^^P 

(Intra) tfL^#J'X^JL;5ri«5*fe'ii% » ifoll^'teJfeS«! ' ^"^M 
(Predicted) IKfe^'J ffl 3^ i it tfl *1 tTL = 

iL^#»J^CI^ (Intra) m;fl*i-#.-ft^^^«'J (Predicted) Ifl 

(5p ' -f^ti);!-^ ^P (Intra) m4lI.^^>j5L-^ - ffij !S j-g-J 

(Predicted)tfL=fl^^ffi *ti^ ^i^itit^'«i%#(5p ' ^t-fg.^^) 

UEP -sf t^#it # 4a ? #^(Rate Compatible 
Punctured Convolutional : KCVC)^^^^ ' 

'fSL it 6fj ^ ^ 4 1^ -li ifij ^ ° -jfe lib 'ft iJL T ' ^M^^^"^^ 
(puncturing) |S] - " Jife ^ 6ij ^# - ' 

m&^m - (Rate Compatible 

Punctured Convolutional Code) ^ "sf ^ 1988 #- 4 ^ 
IEEE Trans. Commun.,^ 36 4 389 J. 400 H J- 

Hagenauer ^ 'ft ^ "Rate-Compatible Punctured 
Convolutional Codes (RCPC Codes) and their Applications" X 

i^^m^) ' iij- ^ ir^ 'fa m » ^-jffliwyvj. mpeg-4 # 
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MPEG-4 iS^miiL7tikm.^m^ - ^ tfL ^ ^ (Video 
Object ; VO) - ^ tfl # >t (Video Object Layer ; 
VOL) > t£ in. # # ^ a& ^ (Groups of Video Object 
Plane ; GOV) - ^1 tR ^ # -f^ ® (Video Object Plane ; 

vop) jslm^ - ^j^nm^it ' ^m^^M^m-k^^^u 

i^L ^'A^m^f^^ " m-k^m A"^ — ^ ^ ^ ' 

H^->k^^^-hS.^m^is.^f>}m^ 'HI #7F VO ^f4-kb 
^ - H2 #7f? VOL ^ f4\ -fck fSk - US # GOV ^ J^-k^^ - 

H4 VOP ^f^-k^i^jsi H5 # # ^ f^i i±mm^ 

-ft (Resync)) <• 

MPEG-4 M ^^-kJ^^A^^-m-k ' it 

^ » M ^ ('to^t'J^Pf^) ^-k^^m : ® lib ' >!i^irt##i^>f 
^^^^.^^il UEP mpl ' ii-§-';^f^I*oit^«'J^f^-^>^ - * 
^#>t i'JJt-ISI ' ® i?n3t^-«ffl i-X^^T UEP ^m^A:^ 
Ik • ^^tt f?-] UEP (Proportional :UEP) o 

;^ tb -fi^J # #t m 'l^ ^ (Proportional Unequal Error 

Protection ; P-UEP) 

ffl 6 m ^ ^ tb ^^-J # ^ M ^ (Proportional 
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Unequal Error Protection) ^^.^S. " * >14l ^ ^ it # 

mmi^^-k§. ' ^ ^ m - n ^ ttm ' 

m ^ m.^'s ^ bt -k ^ ' ^ ^ PI ^ ^ s tt 

P 1 - P2 ^ P3 ' ^ i'J it Ri ^ R2 ^ R3 -f* t£ ' M'J ^ 

I ^ & ^ i^-tl it >^ >5r ^ >^ : 

fS] m itb ' it- *h P # & : 
/2 ._ 



M 



■^coded _packet_l 



R 



asfg 



T _ Vpacket A/ 

^codud _paekit _p p' ~^ 

M ^ 6*1 le. -It « ' -feitb'IfjJLT^vt^^^i^'JSI » 
^ el 12- 'It. It ' it X -fr -fr -f=r ^ ;t Tol ^ 70 ' ^^n^ ^ 

♦ ^ t M ;^ le. -It. « - teHt« M 

M Ft i<t ^ # H m M ^ ' * t ^/f iE Pi^ 6^ *t M i^ +^ 2 
(modulo-2) ' i-X j^. ife >2i^ # Sfe • * ^ 4 
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*^ s4 t: 5^ ' ^ it # ^ II * .t- a ^ t^i = 

m T ^ ffl 15] 7t ^ ^^SL it >:^c ^ 6^ -ffi. 7C ' 

MS^ M >€. -fi 7t *J >^ 5- -fe: 7t 5^ ' J-X ^ f -J H ^ # i'J 
^'J ^1- jh ^ a 6ij :^ ^ ^ ^ M ^it"0">fSL7ti^^i^#>fi^# ^ ♦ 

^ J tf:^m^^^itJ^ ' >€-#*^;^p^ i p m^i^rai^o 

^ *tj fliL » J. -tiL m # >t a Bfi i# ^ >f^ ^ m it ^ tKi 1^ ^ # 

(overhead) » 

# m ffi ^'J 111 ^ ^ 6^ ^ *^ # & -i: ^ tb 

# f ^ -s- ^'j 6^ ^ & ^ ° 4^ >t * # 6^ 'i± ' m ^ 6^ 

^ el ^ «'] ^ (-f^-J ' UM) ' it J- ^ - ^ f'l ^ ^ — 
m ^ ^ :}^^ ^ - J^. -k^ M ^ PI ^ & ^ ^ -kk 

f^^m^^f^^M^ MPEG-4 m-k^0,yfm^^^^^^'- 

^ ^ ^ m ^ - m m ^ ik ^^^^ m ' ^^m^^tm ^ ' 
^j^^fit^mM • m - ^ ^ m ^ m ^ M - 

-^tit- j^^ist'^fe^j t ' -fc MPEG-4 *fe>5% {n$-mm 3) 

^ ' -t- ffl ^ tH. ^ M ^ # f^l ' ^ t ^ m ^ M 

- 12- 
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^ U^v'\±M ^ ' <H-kP Gold ^ ) = it -fS # f^l 
■k^ ^ ^ m iit ^ (Wireless Start Code) " 

ifrj -r ' vo - VOL - vop - GOV m^^&t:mm^^t 

(Resync) #te,#.^n# = ffl 3 t # >7il S ' 

^mti. H1...H5 o >(^ffi ii.it ^^4L^ m-i±^m 

it WH1...WH5 ^-Ri^it^mtS. ' J-X^^f-itffl 

# # ^Sii WS ■> # .{t ^ ^ S'J 60 t # WS *^ ^ t m- >7?L 

Rs ' ^m'^«;?r^ WS -fs^^^itit^^ • #te. whi...wh5 

#. # «Jt rJn ^ ^ WHIr...WH5r o # te. ( ^ ) 
WHIr ...WH5r m'ium' WH1...WH5 > -fS ^ Ife :t it it ^ 

^ WH1...WH5 ' ^^'^m^m^^ HI ...H5 6f;#t&'f^ 
^ - M. MPEG-4 iiLTt'lkmik ^ m 3 tS^lt^^^L^a^ 
GOV f^^^ (H3) c ^ MPEG-4 iSiTt'A^ - ^ VOL f^l 

(H2) ^^1^1^ GOV gf^i&4^ (H3) ^ itAm^ VOL f^l 
:{t&?l| (H2) ^tl^ GOV • 

^^^•it^i?^ ' ^m,'^m^ ^^^^ ' t-^iti^gfi^ 
'l± ^ # it # ^ ^ fffl -Ji^ WH1...WH5 miiL% ; 

^ F*f1 ^4 ^ «fe tf # ^ ^ PI >!i it ^ ^ ♦ SX^^ A 

^i^m ' -fH ffl i .f. :!t& f^l jr^ >!i f^l HI...H5 

^^.^^^t^^l-ft&'Ji^ WH1...WH5 ol^ifc^ MPEG-4 j^^^ H 

(tf ^la ® 5) ^ff\^^^m - 

^iiit.*fe'^>t.4g. ' 3t^^^4^#a^60'^^*IS*«fe^'?'] : 
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Bfld^^-f^^ (Start Codes Substitution) #^^tb#JlMs 

# #1 ^ (Proportional Unequal Error Protection ; 
P-UEP) c 

8^ = ffl 4 ^ 5 ^ mM.^myr^i&mm. ' 

13 jj. ffl >t- 6^1 # m ^ WH1...WH5 ^i^^^^mm^f^ 

•k^m ' m-^mtfi^^ WH1...WH5 4%^.*^ ^ j^n i4 » * a 

If 10 t ^ t *4 >"^L S - g 11 n 

iHm^^mtt H1...H5 ^ fei 6(j f- *f >:^L s M » 

m ' ii -S- ^ # # t ^'^L ws t ■> >lf ^ # #r w >:^L 
15 •> 

*'-L^'^i4 ' -fltffl P-UEP 4 m^6^Jitit.'^-«^* 

S^Jt^N-J"^ ws o ^ gfl -S^ «-J ^ 32 (#J*> ' tfl ^ M -f^. 

t ' #.^^;^p^-l^'^gl ^ttl^^ij-^Him^.^ (gp » ^^is^m 

6(j ^ '14 tf - # ' j-x >i>j ^ gfi -4^ 6*1 # m ^ - gjg ^ -tt 

# i^tnn^^ nfkn. th » # ^ #^ m ^ • ^ 7t t 
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jL - ^mM.^M ( 12 ) 

^i^MM^ MPEG- 4 m-kbi^ H1...H5 ' m-f^-kk^^^^^ 

34 t ' * ^ e ^ *#?'J^itit J- MPEG-4 
6f>>fit7t>^ S o :4o:^>f]^ GOV m-kkm^ VOP ' I'J 

VOP #7F^. ° 

:i(o^'f^>l-Ji>J4*it|5]#'fb (Resync) #ie. » M'J # 4& >fb # ^ 

.^tfr^ 3 0 ' M.s^^^ii.7t^/^m.mm ' iiH^^wi-JT-'® 
f^T:if^>^ ' f^^^m^m B ti^ N #1^51 it ' ^ ^ t^nMM-ii. 

^ ' 301^^-'®^^; VOP TjT^ infn ^"i" 

11 t 'l^^ JL^i IS] - ^T^i^.^ i?n -r ' #*HI 1 '>t^# 
i ;^it3t^'5^ H 11 • ^^Miaiiit^-ci^^j^ a# 

^^^J:-^ 34 t ' * # J:- H t -i-^f'J^^it^ MPEG-4 

^^^6*>'fc.7t>^ " n^i-^ ♦ Rcpc iin,^ ' g'j -r^/i^ 

-6.% #.-ft^^ ^ (de-puncturing) = ^ ilb -If iJL T ' 41 J-X 
(mother code rate) ^M^^^ ° 

^mm 4#o 5 t^i^TF' -fa^iL^^t ^ ^ ¥jm^^^ 
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i - ^mM.m ( 13 ) 



f ' ^ Si ^ m ^ H $- m m.^ m ^ mpin 

' ^ ^ ^ m: i& t m ^ m.ti ^ ^ m ■> ^^it 
tt # 'J n SI t ^'j ^ &o ^ 'fa ^ ^ t ' ^ m - m^SL^um^nm 

-r ^ ' ^ # 7F - a t # >5«L ^ ^ ' ^ 1 1 a 

60 4^ i ^ #J ^ # m ^ fS] J: ^ ,^ ^ ' 1^ ^ 4- i 
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A8 
B8 
G8 
08 




1. 



2. 



3. 



4. 



- « ^ # ^ m :^ yi: ' n W # ^^u J- ^l'^ - * ^ - ;C 

' ^ t # i ^ f J 6^1 ^ g -i: ^ ^ ^ it a -fe 4L 

i f 'J 6^ *f >.fL ° 

^.^ n^m^m^' 1 II ^ ^ >^ ' * 1 ;t # ^ -fe >^ 

^ m ^^i^^m-A^ ^^imW.tt (marker) f^Uj^m 

^ ' ^ ^ ^ ^ mmtz.^ M. 9 - mtt^% ir^ - M ^fA ^ = 
t tf ^'j i& ai ^ 1 ^ ^ ^ ^ m '^k ^ u ^ 

'^k vtis^^^i^,^ ^ - % - n ^ ^ n.^ s. - ^ - 

j^.^a^'^j-n ^p » 
t *t * m D ^ 3 ;r >^ ' ^.^mik^m^k'fK^ 

;C ■§" ^ tb -fg. ^ a 6^1 ^ - f-J Ifp |a - ^ ji. ^ $.j ^p 

it & ^ i'J ^p ° 

- « t # >.tL ^ ^ >t ' # lit i'i 6<j t ^.11 J. - * ^ 

t.-kS.^M ^ ' ^tt^JL:l'^-i=f^6^-^g^7>«'i^p 

e. ^It ffl ;f fS] ;^ # -E,^ ' 1^ # ^ i ^ #j ^p 6^ ^ 

it m n ^ ^ m ^ m ^ ^ n ^ ^ M ^ PI m 
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; j'X.s. 



M tL -k js. ^ ^ ^ m ^ }k ^'s bt >k ^ ' ^^^ma tL-k^^ 

^ «.J ^[5 6<j t # >-^L = 

#J ffl ^ IS] 6fj ^ J: -f^ ^ ^ >?;^ . ^ ^ ^ ^ f.] ^ 

6^ ^ i -k&^f^^^mM tL^J^^4~^ m^}^:^'S 'zi-bt}^:^ • 



t tt * ie. m ^ 6 ^^-^f e ; J-X ^ 
A ^1 ^ i ' ffi i-x #^t^ t # o 



6^ ^ # >jit o 



583842 



A8 

D8 * 



^ t tf -f- ilia ^ 7 ^ ^^^^ n ° 

' # i ^ f 'J ^H^ 6^ i -fe >^ n M tL 
11. - #1 -# t *4 ^4 # irS It ' ^ t 1^ * # >/ll ^ - 

m^f^e.i^m^n^i^^%i^-^^^ » it # i t-j ^ -f^ 

6^ ^ ^ * >^ # -fe M & -fe ^ g fl ^ ;C tb ;t • 
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(54) Title: LOUDSPEAKER WITH DIRECT EMISSION AND OPTIMISED RADIATION 
(54) Titre : HAUT-PARLEUR A RADIATION DIRECTE ET RAYONNEMENT OPTIMISE 



O 




(57) Abstract: The invention concerns a 
mobile membrane loudspeaker equipped 
with a partial closure optimising its radiation. 
The invention is characterised in that the 
loudspeaker with mobile diaphragm (19) 
attached to a rigid frame (15) defining an 
acoustic emission plane (P) comprises a 
closure (25) for only one central zone of said 
emission plane. 

(57) Abrege : Haut-parleur a membrane 
mobile equipe d'un obturateur paitiel 
optimisant son rayonnement. Selon 
r invention, le haut-parleur a membrane 
mobile (19) rattachee a un chassis rigide (15) 
definissant un plan d'emission acoustique (P) 
compoite un obtuiateur (25) de seulement 
une zone centrale dudit plan d'emission. 
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Haut-parleur ^ radiation directe et rayonnement optimise 

L'invention se rapporte a un liaut-parleur ci radiation directe du type 
5 comprenant classiquement une membrane mobile rattachee par sa peripherie 
exterieure a un chassis rigide formant cadre. Elle concerne plus particulierement 
un perfectionnement permettant d'adapter la directivite d'un tei haut-parleur et 
plus particulierement de reproduire la directivite d'un piston rectangulaire. Un 
interet de I'invention reside dans le fait que I'adaptation de directivite d'un tei 

10 haut-parleur permet de coupier plusieurs haut-parleurs en radiation directe, en 
supprimant les interferences sur une plage de frequences etendue. 

Un haut-parleur a radiation directe classique est constitue d'une 
membrane mobile reiativement rigide, legere, conique ou a section exponentielle 
ou autre, au centre de laquelle est montee une bobine, mobile a Tinterieur d'un 

15 champ magnetique engendre par un aimant. La membrane mobile est rattachee 
par sa peripherie exterieure a un chassis rigide formant cadre qui constitue aussi 
le support de I'aimant. Le cadre coTncide avec ce qu'on d6signera ci-dessous un 
plan d'emission acoustique au-dela duquel le son se propage dans le milieu 
exterieur. Un tei haut-parleur est Tun des composants les plus utilises en 

20 sonorisation. Un signal electrique representatif du son a reproduire est applique 
aux bornes de la bobine et celle-ci se deplace dans Tentrefer de Taimant. Ce 
mouvement entrame la membrane qui rayonne une energie acoustique vers le 
milieu exterieur, au-dela dudit plan d'emission acoustique. Un tei haut-parleur 
presente les caracteristiques suivantes. 

25 - Si le contour du cadre defini ci-dessus est circulaire, ie rayonnement 
acoustique du haut-parleur est axisymetrique, c'est-a-dire identique dans tous 
les plans passant par I'axe du haut-parleur qui est aussi i'axe de la bobine 
mobile. 

- La dispersion du haut-parleur diminue quand la frequence augmente. 
30 L'invention propose un accessoire destine a etre fixe a un tei haut-parieur 

pour modifier ses caracteristiques, en fonction de besoins specifiques lies a la 
conception de Tenceinte acoustique, au moins pour une certaine plage de 
frequences. 
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A cet effet, Tinvention concerne un haut-parleur a radiation directe 
comprenant une membrane mobile rattachee par sa p6ripherie exterieure a un 
chassis rigide formant cadre, ce cadre definissant un plan d'emission acoustique, 
caracterise en ce qu'il comporte en outre un obturateur de seulement une zone 
5 centrale dudit plan d'6mission, a llnterleur dudit cadre. 

Ainsi, Tobturateur se trouve positionne devant une partie de la face avant 
du haut-parleur, II se fixe mecaniquement sur le chassis ou sur une partie 
solidaire de celui-ci. Les moyens de fixation sont classiques, vis-ecrou ou autres. 
La forme de I'obturateur depend generalement des resultats recherches. 
10 Globalement cependant, I'obturateur est place suivant un diametre ou un axe de 
symetrie du cadre et recouvre typiquement entre le tiers et la moitie de la surface 
frontale dudit cadre, en laissant ouvertes deux parties egales dudit plan 
d'emission acoustique, symetriques par rapport a un axe de symetrie de 
I'obturateur. 

15 Selon un mode de realisation prefere, I'obturateur est defini dans une 

matiere suffisamment rigide, eventuellement composite, pour ne pas etre le 
siege de vibrations. II peut par exemple §tre en matiere plastique ou en bois. II 
admet generalement au moins un plan de symetrie contenant un axe de la 
membrane qu'on appeilera premier plan de symetrie et, de preference, un 

20 second plan de symetrie contenant Taxe de la membrane et perpendiculaire 
audit premier plan de symetrie. Sa face arriere, c'est-a-dire celle qui est en 
regard de la membrane du haut-parleur, sera de preference profilee. Ladite face 
arriere peut etre par exemple globalement convexe de fagon a s'engager dans 
Tespace defini entre la membrane et le plan d'emission acoustique. 

25 Uinvention sera mieux comprise et d'autres avantages de celle-ci 

apparaTtront plus clairement a la lumiere de la description qui va suivre de 
plusieurs modes de realisation d'un haut-parleur a radiation directe poun/u d'un 
adaptateur de directivite conforme a son principe, donnee uniquement a titre 
d'exemple et faite en reference aux dessins annexes dans lesquels : 

30 - la figure 1 est une vue en perspective eclatee d'un haut-parleur a 

radiation directe et d'un adaptateur de directivite formant obturateur partiel ; 

- la figure 2 est une vue analogue a la figure 1 montrant Tobturateur en 
place sur le cadre du chassis du haut-parleur ; 
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- la figure 3 est une vue de face dudit obturateur ; 

- la figure 4 est une vue de profil en elevation du menne obturateur ; 

- la figure 5 est une vue en perspective de I'obturateur ; 

- les figures 6 et 7 sont des schemas illustrant d'autres formes possibles 
5 d'obturateur ; et 

- la figure 8 illustre le couplage de plusieurs haut-parleurs. 

Sur les figures 1 a 5, on a represente un haut-parleur a radiation directe 
11 classique apte a recevoir un obturateur 25 constituant un adaptateur de 
directivite. Le haut-parleur comprend un chassis rigide 15 portant, a Tarriere, un 

10 aimant permanent 17 pourvu d'un entrefer cylindrique a i'interieur duquel se 
deplace une bobine mobile solidaire d'une membrane mobile 19. La peripherie 
exterieure de la membrane est rattachee au chassis rigide et plus 
partlculierement a un cadre 21 de celul-ci, a contour interieur circulaire, Le cadre 
comporte classiquement des trous 23 penmettant la fixation du haut-parleur a 

15 une enceinte acoustlque ou structure analogue. 

On appelle ici "plan d'emission acoustique" le plan P contenant le contour 
du rattachement de la membrane au cadre du chassis. C'est a partir de ce plan 
que le son rayonne normalement dans Tair. 

Selon une caracteristique importante de Tinvention, le haut-parleur est en 

20 outre muni de Tobturateur 25 deja mentionne, conforme pour obturer seulement 
une bande centrale dudit plan d'emission limite a I'interieur dudit cadre. Par 
"seulement" on entend que cet obturateur est conforme pour laisser subsister 
deux larges ouvertures (figure 2) dans le plan d'emission acoustique P a 
rinterieur du cadre de part et d'autre d'un premier plan de symetrie P1 contenant 

25 I'axe principal x'x de la membrane, qui est aussi Taxe de deplacement de sa 
bobine. La forme de ces deux ouvertures conjuguees et la forme de la face 
arriere de Tobturateur 25 permettent de redefinir ou adapter les caracteristiques 
de dispersion de ce haut-parleur en radiation directe. 

Uobturateur 25 est de structure rigide. Comme indique precedemment, il 

30 peut etre en mati^re plastique, en bois, ou d'un autre materiau, eventuellement 
composite. Le materiau est choisi pour etre le plus inerte possible, c'est-a-dire 
pour ne pas etre le siege de vibrations parasites. Comme represente, ledit 
premier plan de symetrie PI contenant Taxe x*x est oriente suivant une direction 
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parallele a la plus grande dimension de la bande centrale obturee. 
Preferentiellement, I'obturateur admet aussi un second plan de symetrie P2 
contenant I'axe x'x de la membrane et perpendiculaire au premier plan de 
symetrie P1. Dans I'exemple, il comporte une face frontale 27 sensiblement 
5 plane. En revanche, sa face anri^re 29, c'est-^-dire celle qui est tournee vers la 
membrane 19 du inaut-parleur, est de pr6f6rence profilee. Par exemple, comme 
represente, ladite face arriere est globalement convexe et s'engage dans 
I'espace defini entre la membrane 19 et le plan d'emission acoustique P. Plus 
precisement, elle est definie par I'lntersection d'une surface convexe bombee 31 
10 et de deux ecliancrures laterales 33 courbes et concaves s'etendant de part et 
d'autre du premier plan de symetrie PI . Les deux echancrures laterales courbes 
sont symetriques par rapport audit premier plan de symetrie. Chacune d'elles est 
sym§trlque par rapport audit second plan de symetrie. 

Selon une autre caracteristique remarquable, bien que facultative, la 
15 surface bombee 31 a sensiblement la meme forme que la partie de la membrane 
en regard de laquelle elle se trouve. Autrement dit, la surface bomb6e est 
sensiblement en tous points, a la meme distance de la membrane. 

La face frontale 27 est globalement rectangulaire bien que les deux 
6chancrures 33 definissent un retrecissement dans sa partie m6diane. 
20 L'obturateur comporte quatre trous de fixation 35 espaces pour venir en 
correspondance avec quatre trous 23 du cadre du chassis. 

En fonctionnement normal, le haut-parleur est dispose comme represents 
a la figure 2, c'est-a-dire de fagon que la bande centrale recouverte par 
I'obturateur 25 soit sensiblement verticale. Dans cette configuration, l'obturateur 
25 elargit la dispersion dans le plan vertical et la reduit dans le plan horizontal. On a 
trouve que la forme decrite ci-dessus permet d'adapter de fagon favorable les 
caracteristiques de dispersion du haut-parleur sans affecter de fagon sensible 
ses autres performances intrinseques, notamment en ce qui concerne le 
rendement, la puissance admissible et le taux de distorsion. 
30 Tel que represents, cet obturateur, du fait qu'il reduit la couverture dans le 

plan horizontal, permet de coupler horizontalement plusieurs haut-parleurs a 
radiation directe, en supprimant les interfSrences sur une plage de frequences 
etendue. 
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La figure 8 montre comment on peut inclure un tel haut-parleur 1 1 muni 
de son obturateur 25 dans une enceinte acoustique sp6cifique 40. Cliaque 
enceinte a une section horizontale trap6zoTdale. Les enceintes acoustiques sont 
accolees par leurs faces laterales. Ce type de montage permet de coupler les 
5 haut-parleurs 1 1 sans provoquer d'interferences entre eux. 

Les figures 6 et 7 illustrent d'autres variantes possibles. Dans le cas de la 
figure 6, 1'obturateur 25a est redult a une forme tres simple, il s'agit d'une plaque 
rectangulaire venant recouvrir seulement une bande centrale du plan d'emission. 
Dans le mode de realisation de la figure 7, la face frontale se compose de 
10 I'association de deux portions rectangulaires 37 situees de part et d'autre d'une 
portion de disque 39. Pour chacun de ces deux modes de realisation, la face 
anri^re 29 peut etre plane ou, de preference, profilee de fagon comparable a ce 
qui a §t6 d§crlt en reference aux figures 3 a 5. 
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REVENDICATIONS 

1. Haut-parleur ^ radiation directe comprenant une membrane mobile (19) 
rattacliee par sa p6riph6rie exterieure a un cfiassis riglde (15) formant cadre, ce 
cadre definissant un plan d'6misslon acoustique (P), caracterise en ce qu'il 
comporte en outre un obturateur (25) de seulement une zone centrale dudit plan 

5 d'emisslon a I'int^rieur dudit cadre. 

2. Haut-parleur salon la revendication 1, caracterise en ce que ledit 
obturateur (25), de structure rigide, admet un premier plan de symetrie (PI) 
contenant un axe (x'x) de ladlte membrane. 

3. Haut-parleur salon la revendication 2, caracterise en ce que ledit 
10 obturateur admet un second plan de symetrie (P2) contenant ledit axe de la 

membrane et perpendiculaire audit premier plan de symetrie. 

4. Haut-parleur selon la revendication 3, caracterise en ce que ledit 
obturateur comporte une face frontale (27) sensiblement plane. 

5. Haut-parleur selon la revendication 3 ou 4, caract§ris6 en ce que ledit 
15 obturateur a une face arriere (29) profil^e. 

6. Haut-parleur selon la revendication 4 ou 5, caract6ris6 en ce que ladite 
face frontale est globalement rectangulaire. 

7. Haut-parleur selon la revendication 5 ou 6, caracterise en ce que ladite 
face arriere (29) est globalement convexe et s'engage dans I'espace d6fini entre 

20 ladite membrane (1 9) et ledit plan d'emisslon acoustique (P). 

8. Haut-parleur selon la revendication 7, caract§ris6 en ce que ladite face 
arriere est definie par I'intersection d'une surface bombee (31) et de deux 
echancrures laterales courbes (33) s'etendant de part et d'autre de I'un desdits 
plans de symetrie. 

25 9. Haut-parleur selon la revendication 8, caracterise en ce que ladite 

surface bombee (31) a sensiblement la meme forme que la partie de la 
membrane en regard de laquelle elle se trouve. 



wo 03/010994 



1/3 



PCT/FR02/02615 




wo 03/010994 



2/3 



PCT/FR02/02615 




wo 03/010994 



3/3 



PCT/FR02/02615 




INTERNATIONAL SEARCH REPORT 



!nt€ >nal Application No 

PCT/FR 02/02615 



A. CLASSIFICATION OFSUBJECT MATTER 

IPC 7 H04R1/34 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 H04R 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (nam© of data base and, where practical, search temns used) 

WPI Data, PAJ 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ° Citation of document, with Indication, where appropriate, of the relevant passages 



Relevant to claim No. 



DE 42 11 114 A (EHMANN ELEKTROTECH) 
7 October 1993 (1993-10-07) 
column 3, line 3-26 
figure 2 

GB 2 027 320 A (DITCHBURN ORGANISATION 
LTD) 13 February 1980 (1980-02-13) 
page 1, line 72-94 
figure 2 

PATENT ABSTRACTS OF JAPAN 

vol. 013, no. 548 (E-856), 

7 December 1989 (1989-12-07) 

-& JP 01 226298 A (MATSUSHITA ELECTRIC IND 

CO LTD), 8 September 1989 (1989-09-08) 

abstract 



1-4,6 

5,7-9 
1-4,6 

5,7-9 
1-9 



□ 



Further documents am listed In the cominuatlon of box C. 



ID 



Patent family members are listed In annex. 



° Special categories of cited documents : 

"A* document defining the general state of the art which is not 
considered to be of particular relevance 

'E' earlier document but published on or after the International 
fiilng date 

"L" document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

■O" document referring to an oral disclosure, use, exhibition or 
other means 

■P' document published prior to the international filing date but 
later than the priority date claimed 



"T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed Invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

■Y' document of particular relevance; the claimed invention 

cannot be considered to involve an Inventive step when the 
document is combined wilh one or more other such docu- 
ments, such combination being obvious to a person sMIIed 
in the art. 

*&■ document member of the same patent family 



Date of the actual connpletlon of the international search 



22 November 2002 



Date of mailing of the international search report 



29/11/2002 



Name and mailing address of the ISA 

European Patent CJffice, P.B. 5818 Patentlaan 2 
NL ~ 2280 HV Rijswijk 

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 



Authorized officer 



Zanti, P 



Form PCT/ISA/210 (second sheet) (July 1992) 



INtPRNATIONAL SEARCH REPORT 

iformatlon on patent family members 



liit« >nal Application No 

PCT/FR 02/02615 



Patent document 
cited in search report 


Publication 
date 


Patent family 
member(3) 


Publication 
date 


DE 4211114 


A 


07-10-1993 


DE 


4211114 Al 


07-10-1993 


GB 2027320 


A 


13-02-1980 


NONE 






JP 01226298 


A 


08-09-1989 


NONE 







Form PCT/ISA/210 (patent family annex) (July 1992) 



RAPPORT DE RECHERCHE INTERNATIONALE 



Dt...^ le Internationale No 

PCT/FR 02/02515 



A. CLASSEMENT DE L'OBJET DE LA DEMANDE 

CIB 7 HQm/34 



Seton ia classification Internationale des brevets (C(B) qu a lafois selon la classfffcatlon natfonate et la GIB 



B. DOMAINES SUR LESQUELS LA RECHERCHE A PORTE 



Documentation tninimale consult 6e (systdme de classification sulvl des symboles de classement] 

CIB 7 H04R 



Documentation consultde autre que la documentation minlmale dans la meeure oCi ces documents reinvent des domalnes sur lesquels a port6 la recherche 



Base de donn^es ^lectronlque consultee au coursde ia recherche Internationale (nom de la base de donn^es, et si realisable, lermes de recherche utilises) 

WPI Data, PAJ 



C. DOCUMENTS CONSIDERES COMIVIE PERTINENTS 



Catdgorie ^ Identification des documents clt6s, avec, le cas echdant, I'indicatcon des passages pertinents 



no. des revendications visdes 



DE 42 11 114 A (EHMANN ELEKTROTECH) 
7 octobre 1993 (1993-10-07) 
colonne 3, llgne 3-26 
figure 2 

GB 2 027 320 A (DITCHBURN ORGANISATION 
LTD) 13 fevrier 1980 (1980-02-13) 
page 1, Hgne 72-94 
figure 2 

PATENT ABSTRACTS OF JAPAN 

vol. 013, no. 548 (E-856), 

7 decembre 1989 (1989-12-07) 

-& OP 01 226298 A (MATSUSHITA ELECTRIC IND 

CO LTD), 8 septembre 1989 (1989-09-08) 

abrege 



1-4,6 

5,7-9 
1-4,6 

5,7-9 
1-9 



□ 



Voir la suite d J cadre C pour la fin de la llste des documents 



Les documents de families de bres/ets sont tndlqu^s en annexe 



" Categories speciales de documents cit^s: 

■A" document d^tinissanl r6tat general de la technique, non 

consld^re comme partlcullferement pertinent 
'E' document anterieur, mats public k la date de dSpdt international 

ou aprfes cette date 

"L" document pouvant Jeter un doute sur una revendicallon de 
priorite ou cite pour determiner ta date de publication d'une 
autre citation ou pour une raison sp^ciale (telle qu1ndiqu§e) 

'O" document se r^ferant a une divulgation orafe, a un usage, k 
une exposition ou tous autres moyens 

■P" document publie avant la date de ddp6t international, mals 
posterieurement k la date de priority revendlquee 



document u)t§rieur publie apr^s la dale de d6p6t intemaiional ou la 
date de priority et n'appartenenant pas k TStat de la 
technique pertinent, mais cit6 pour comprendre le princIpe 
ou la th6oriG constituant la base de Tinvention 

document particuliferement pertinent; I'inven tion revendiqu6e ne peut 
6tre consideree comme nouvelle ou comme impliquanl une activity 
inventive par rapport au document consid6re Isolement 

document particuii^rement pertinent; i'inven tion revendiqu^e 
ne peut &tre consld^r^e comme Impllquant une activity Inventive 
lorsque le document est assocl6 k un ou piusieurs autres 
documents de mfeme nature, cette comblnaison §tant evidente 
pour une personne du metier 

document qui fait partie de la m§me famiile de brevets 



Date k laquelle la recherche Internationale a ete effectivement achev^e 



22 novembre 2002 



Date d'expSdition du present rapport de recherche Internationale 



29/11/2002 



Nom et adrssse postale de radministration chargee de la recherche Internationale 
Office Europeen des Brevets, P.B. 581 8 Patentlaan 2 
NL - 2280 HV F^ijswijk 
Tei. (+3t-70) 340-2040, Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3015 



Fonctionnaire autoris6 



Zanti , P 



Formulaire PCT/ISA/210 (dauxl^me feuille} (juiliet 1992) 



RAPPORT DE RECHERCHE INTERNATIONALE 

Renseignements reJatlfs mix memores ae jammes att uitfvca 



Der Internationale No 

PCT/FR 02/02615 



Document brevei cite 


Date de 


Membre(s) de la 


Date de 


au rapport de recherche 


publication 


famine de brevet(s) - 


publication 



DE 4211114 



07-10-1993 DE 



4211114 Al 



07-10-1993 



GB 2027320 A 13-02-1980 AUCUN 

JP 01226298 A 08-09-1989 AUCUN 



Fomiulaire PCT/ISA^10 (annexe famlliss de brsvets) (julllet 1992) 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

Tn tern a ti ona l B iireau 

(43) International Publication Date 
12 September 2003 (12.09.2003) 




PCT 



llllllllllllllllllllllllllllllll»^ 

(10) International Publication Number 

wo 03/075479 Al 



(51) International Patent Classification^: H04B 1/69, 
H04J 11/00 

(21) International Application Number: PCT/US03/06326 

(22) International riling Date: 27 February 2003 (27.02.2003) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 

10/087,503 



1 March 2002 (01.03.2002) US 



(71) Applicant: QUALCOMM INCORPORATED [US/US]; 
5775 Morehtmse Drive, San Diego, CA 92121 (US). 

(72) Inventor: KADOUS, Tamer; 5385 Toscana Way, #316, 

San Diego, CA 92122 (US). 

(74) Agent: WADSWORTH, Philip R.; QUALCOMM Incor 
porated, 5775 Morehouse Drive, San Diego, CA 92121 
(US). 



(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH, 
GM, HR, HU, ID, XL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, OM, PH, PL, FT, RO, RU, SC, SD, SE, 
SG, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, UZ, VC, 
VN, YU, ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, SE, SI, 
SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM, OA, GN, 
GQ, GW, ML, MR, NE, SN, TD, TG). 

Published: 

with international search report 

For two-letter codes and other abbreviations, refer to the ''Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette, 



(54) Title: DATA TRANSMISSION WITH NON-UNIFORM DISTRIBUTION OF DATA RATES FOR A MULTIPLE-INPUT 
MULTIPLE-OUTPUT (MIMO) SYSTEM 

100 



IT) 

O 



112 



Pilot 



Data 
Soured 



MA 
^ 



TX Data 
Processor 



120 



TX MIMO 
Processor 



Controller 
-J— 



U4 



CSI 



Data 
Sink 



132 



Memory 



U2 



"\ 140 



RX Data 
Processor 



Demod 




TMTR 




RCVR * 








150 



RCVR 








Modulator 


"tmt'r" 









TX Data 
Processor 



176 



Data 
Source 



(57) Abstract: Techniques to determine data rates for a number of data streams transmitted via a number of transmission channels 
(or transmit antennas) in a multi -channel (e.g., MIMO) communication system. In one method, the "required" SNR for each data 
rate to be used is initially determined, with at least two data rates being unequal. The "effective" SNR for each data stream is also 
determined based on the received SNR and successive interference cancellation processing at the receiver to recover the data streams. 
The required SNR for each data stream is then compared against its effective SNR. The data rates are deemed to be supported if the 
required SNR for each data stream is less than or equal to its effective SNR. A number of sets of data rates may be evaluated, and 
the rate set associated with the minimum received SNR may be selected for use for the data streams. 
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DATA TRANSMISSION WITH NON-UNIFORM DISTRIBUTION 
OF DATA RATES FOR A MULTIPLE-INPUT MULTIPLE- 
OUTPUT (MIMO) SYSTEM 

BACKGROUND 

Field 

[1001] The present invention relates generally to data communication, and more 
specifically to techniques for determining a non-uniform distribution of data rates to be 
used for multiple data streams to be transmitted via multiple traasmission channels of a 
multi-channel communication system, e.g., a multiple-input multiple-output (MIMO) 
system. 

Background 

[1002] In a wireless communication system, an RF modulated signal from a 
transmitter may reach a receiver via a number of propagation paths. The characteristics 
of the propagation paths typically vary over time due to a number of factors such as 
fading and multipath. To provide diversity against deleterious path effects and improve 
performance, multiple transmit and receive antennas may be used. If the propagation 
paths between the transmit and receive antennas are linearly independent (i.e., a 
transmission on one path is not formed as a linear combination of the transmissions on 
the other paths), which is generally true to at least an extent, then the likelihood of 
correctly receiving a data transmission increases as the number of antennas increases. 
Generally, diversity increases and performance improves as the number of transmit and 
receive antennas increases. 

[1003] A multiple-input multiple-output (MIMO) communication system employs 
multiple (Nt) transmit antennas and multiple (Nji) receive antennas for data 
transmission. A MIMO channel formed by the Nt transmit and Nr receive antennas 
may be decomposed into Ns independent channels, with < min {iNT^, iV|^ } . Each of 
the Ns independent channels may also be referred to as a spatial subchannel (or a 
transmission channel) of the MIMO channel and corresponds to a dimension. The 
MIMO system can provide improved performance (e.g., increased transmission 
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capacity) if the additional dimensionalities created by the multiple transmit and receive 
antennas are utilized. 

[1004] For a full-rank MIMO channel, where = Nj. ^ Nj^, an independent data 
stream may be transmitted from each of the Nt transmit antennas. The transmitted data 
streams may experience different channel conditions (e.g., different fading and 
multipath effects) and may achieve different signal-to-noise-and-interference ratios 
(SNRs) for a given amount of transmit power. Moreover, if successive interference 
cancellation processing is used at the receiver to recover the transmitted data streams 
(described below), then different SNRs may be achieved for the data streams depending 
on the specific order in which the data streams are recovered. Consequently, different 
data rates may be supported by different data steams, depending on their achieved 
SNRs. Since the channel conditions typically vary with time, the data rate supported by 
each data stream also varies with time. 

[1005] If the characteristics of the MIMO channel (e.g., the achieved SNRs for the 
data streams) are known at the transmitter, then the transmitter may be able to determine 
a particular data rate and coding and modulation scheme for each data stream such that 
an acceptable level of performance (e.g., one percent packet error rate) may be achieved 
for the data stream. However, for some MIMO systems, this information is not 
available at the transmitter. Instead, what may be available is very limited amount of 
information regarding, for example, the operating SNR for the MJMO channel, which 
may be defined as the expected SNR for all data streams at the receiver. In this case, 
the transmitter would need to determine the proper data rate and coding and modulation 
scheme for each data stream based on this limited information. 

[1006] There is therefore a need in the art for techniques to determine a set of data 
rates for multiple data streams to achieve high performance when limited information is 
available at the transmitter for the MIMO channel. 

SUMMARY 

[1007] Techniques are provided herein to provide improved performance for a 
MIMO system when channel state information indicative of the current channel 
conditions is not available at the transmitter. In an aspect, a non-uniform distribution of 
data rates is used for the transmitted data streams. The data rates may be selected to 
achieve (1) a specified overall spectral efficiency with a lower minimum "received" 
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SNR (described below) or (2) a higher overall spectral efficiency for a specified 
received SNR. A specific scheme for achieving each of the above objectives is 
provided herein. 

[1008] In a specific embodiment that may be used to achieve the first objective 
noted above, a method is provided for determining data rates to be used for a number of 
data streams to be transmitted via a number of transmission channels in a multi-channel 
communication system (e.g., one data stream may be transmitted over each transmit 
antenna in a MIMO system). In accordance with the method, the required SNR for each 
of a number of data rates to be used for the data streams is initially determined. At least 
two of the data rates are unequal. The "effective" SNR (described below) for each data 
stream is also determined based on the received SNR and successive interference 
cancellation processing at the receiver (also described below) to recover the data 
streams. The required SNR for each data stream is then compared against the effective 
SNR for the data streani. The data rates are deemed to be supported if the required SNR 
for each data stream is less than or equal to the effective SNR for the data stream, A 
number of sets of data rates may be evaluated, and the rate set associated with the 
minimum received SNR may be selected for use for the data streams. 
[1009] In a specific embodiment that may be used to achieve the second objective 
noted above, a method is provided for determining data rates for a number of data 
streams to be transmitted via a number of transmission channels (e.g., transmit 
antennas) in a multi-channel (e.g., MIMO) communication system. In accordance with 
the method, the received SNR is initially determined. This received SNR may be 
specified for the system or may be estimated based on measurements at the receiver and 
periodically provided to the transmitter. The effective SNR for each data stream is also 
determined based on the received SNR and successive interference cancellation 
processing at the receiver. The data rate for each data stream is then determined based 
on the effective SNR for the data stream, with at least two of the data rates being 
unequal. 

[1010] Various aspects and embodiments of the invention are described in further 
detail below. The invention further provides methods, processors, transmitter units, 
receiver units, base stations, terminals, systems, and other apparatuses and elements that 
implement various aspects, embodiments, and features of the invention, as described in 
further detail below. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[1011] The features, nature, and advantages of the present invention will become 
more apparent from the detailed description set forth below when taken in conjunction 
with the drawings in which like reference characters identify correspondingly 
throughout and wherein: 

[1012] FIG. 1 is a block diagram of an embodiment of a transmitter system and a 
receiver system in a MIMO system; 

[1013] HG. 2 is a flow diagram illustrating a successive interference cancellation 
receiver processing technique to process Nr received symbol streams to recover Nt 
transmitted symbol streams; 

[1014] FIG. 3 is a flow diagram of an embodiment of a process for determining the 

minimum received SNR needed to support a given set of data rates; 

[1015] FIG. 4 shows plots of packet error rate (PER) versus SNR for a {1, 4} 

MIMO system for spectral efficiencies of 1, 4/3, 5/3, and 2 bps/Hz; 

[1016] FIG. 5 is a block diagram of an embodiment of a transmitter unit; and 

[1017] FIG. 6 is a block diagram of an embodiment of a receiver unit capable of 

implementing the successive interference cancellation receiver processing technique. 

DETAILED DESCRIPTION 
[1018] The techniques described herein for deteimining a set of data rates for 
multiple data streams based on limited channel state information may be implemented 
in various multi-channel communication systems. Such multi-channel communication 
systems include multiple-input multiple-output (MIMO) communication systems, 
orthogonal frequency division multiplexing (OFDM) communication systems, MIMO 
systems that employ OFDM (i.e., MIMO-OFDM systems), and so on. For clarity, 
various aspects and embodiments are described specifically for a MIMO system. 
[1019] A MIMO system employs multiple (Nt) transmit antennas and multiple (Nr) 
receive antennas for data transmission. A MIMO channel formed by the Nt transmit 
and Nr receive antennas may be decomposed into A^^ independent channels, with 
Ns < min (A^^,, Nj^}. Each of the A^^ independent channels may also be referred to as a 
spatial subchannel (or transmission channel) of the MIMO channel. The number of 
spatial subchannels is determined by the number of eigenmodes for the MIMO channel. 
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which in turn is dependent on a channel response matrix, H, that describes the response 
between the Nt transmit and Nr receive antennas. The elements of the channel response 
matrix, H, ate composed of independent Gaussian random variables for 

1=1, 2, ... and 7=1, 2, ... Nj., where h- j is the coupling (i.e., the complex gain) 
between the j-th transmit antenna and the iAh receive antenna. For simplicity, the 
channel response matrix, H, is assumed to be full-rank (i.e., Ng =Nj,< N^), and one 
independent data stream may be transmitted from each of the Nt transmit antennas. 
[1020] FIG. 1 is a block diagram of an embodiment of a transmitter system 110 and 
a receiver system 150 in a MEMO system ibO. 

[1021] At transmitter system 110, traffic data for a number of data streams is 
provided from a data source 112 to a transmit (TX) data processor 114. In an 
embodiment, each data stream is transmitted over a respective transmit antenna. TX 
data processor 114 formats, codes, and interleaves the traffic data for each data stream 
based on a particular coding scheme selected for that data stream to provide coded data. 
[1022] The coded data for each data stream may be multiplexed with pilot data 
using, for example, time division multiplexing (TDM) or code division multiplexing 
(CDM). The pilot data is typically a known data pattern that is processed in a known 
manner (if at all), and may be used at the receiver system to estimate the channel 
response. The multiplexed pilot and coded data for each data stream is then modulated 
(i.e., symbol mapped) based on a particular modulation scheme (e.g., BPSK, QSPK, M- 
PSK, or M-QAM) selected for that data stream to provide modulation symbols. The 
data rate, coding, and modulation for each data stream may be determined by controls 
provided by a controller 130. 

[1023] The modulation symbols for all data streams are then provided to a TX 
MIMO processor 120, which may further process the modulation symbols (e.g., for 
OFDM). TX MIMO processor 120 then provides Nt modulation symbol streams to Nt 
transmitters (TMTR) 122a through 122t. Each transmitter 122 receives and processes a 
respective symbol stream to provide one or more analog signals, and further conditions 
(e.g., amplifies, filters, and upconverts) the analog signals to provide a modulated signal 
suitable for transmission over the MIMO channel. Nt modulated signals from 
transmitters 122a through 122t are then transmitted from Nt antennas 124a through 
124t, respectively. 
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[1024] At receiver system 150, the transmitted modulated signals are received by Nr 
antennas 152a through 152r, and the received signal from each antenna 152 is provided 
to a respective receiver (RCVR) 154. Each receiver 154 conditions (e.g., filters, 
amplifies, and downconverts) a respective received signal, digitizes the conditioned 
signal to provide samples, and further processes the samples to provide a corresponding 
"received" symbol stream. 

[1025] An RX MIMO/data processor 160 then receives and processes the Nr 
received symbol streams from Nr receivers 154 based on a particular receiver 
processing technique to provide Nt "detected" symbol streams. The processing by RX 
MIMO/data processor 160 is described in further detail below. Each detected symbol 
stream includes symbols that are estimates of the modulation symbols transmitted for 
the corresponding data stream. RX MEMO/data processor 160 then demodulates, 
deinterleaves, and decodes each detected symbol stream to recover the trafiBc data for 
the data stream. The processing by RX MIMO/data processor 160 is complementary to 
that performed by TX MIMO processor 120 and TX data processor 114 at transmitter 
system 1 10. 

[1026] RX MIMO processor 160 may derive an estimate of the channel response 
between the Nt transmit and Nr receive antennas, e.g., based on the pilot multiplexed 
with the traffic data. The channel response estimate may be used to perform space or 
space/time processing at the receiver. RX MIMO processor 160 may further estimate 
the signal-to-noise-and-interference ratios (SNRs) of the detected symbol streams, and 
possibly other channel characteristics, and provides these quantities to a controller 170. 
RX MIMO/data processor 160 or controller 170 may further derive an esUmato of the 
"operating" SNR for the system, which is indicative of the conditions of the 
communication link. Controller 170 then provides channel state information (CSI), 
which may comprise various types of information regarding the conomunication link 
and/or the received data stream. For example, the CSI may comprise only the operating 
SNR- The CSI is then processed by a TX data processor 178, modulated by a modulator 
180, conditioned by transmitters 154a through 154r, and transmitted back to transmitter 
system 110. 

[1027] At transmitter system 110, the modulated signals from receiver system 150 
are received by antennas 124, conditioned by receivers 122, demodulated by a 
demodulator 140, and processed by a RX data processor 142 to recover the CSI reported 
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by the receiver system. The reported CSI is then provided to controller 130 and used to 
(1) determine the data rates and coding and modulation schemes to be used for the data 
streams and (2) generate various controls for TX data processor 114 and TX MIMO 
processor 120. 

[1028] Controllers 130 and 170 direct the operation at the transmitter and receiver 
systems, respectively. Memories 132 and 172 provide storage for program codes and 
data used by controllers 130 and 170, respectively. 
[1029] The model for the MIMO system may be expressed as: 

y:=Hx-)-n , Eq(l) 

where y is the received vector, i.e., y=[yi y^-- ^jv^l^* where {y.) is the entry 
received on the /-th received antenna and i e {1, } ; 

X is the transmitted vector, i.e., x = [jiq x^... x^^]^, where {jc^} is the entry 
transmitted from they-th transmit antenna and j e {1, iVy.} ; 

H is the channel response matrix for the MIMO channel; 

n is the additive white Gaussian noise (AWGN) with a mean vector of 0 and a 
covariance matrix of A„ = , where 0 is a vector of zeros, I is the 
identity matrix with ones along the diagonal and zeros everywhere else, 
and is the variance of the noise; and 

[.]^ denotes the transpose of [.] . 

[1030] Due to scattering in the propagation environment, the Nt symbol streams 
transmitted from the Nt transmit antennas interfere with each other at the receiver. In 
particular, a given symbol stream transmitted from one transmit antenna may be 
received by all A//? receive antennas at different amplitudes and phases. Each received 
signal may then include a component of each of the Nr transmitted symbol streams. 
The received signals would collectively include all Nt transmitted symbols streams. 
However, these Nr symbol streams are dispersed among the Nr received signals, 
[1031] At the receiver, various processing techniques may be used to process the Nr 
received signals to detect the Nt transmitted symbol streams. These receiver processing 
techniques may be grouped into two primary categories: 
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• spatial and space-time receiver processing techniques (which are also referred to 
as equalization techniques), and 

• "successive nulling/equalization and interference cancellation" receiver 
processing technique (which is also referred to as "successive interference 
cancellation" or "successive cancellation" receiver processing technique). 

[1032] In general, the spatial and space-time receiver processing techniques attempt 
to separate out the transmitted symbol streams at the receiver. Each transmitted symbol 
stream may be "detected" by (1) combining the various components of the transmitted 
symbol stream included in the Nr received signals based on an estimate of the channel 
response and (2) removing (or canceling) the interference due to the other symbol 
streams. These receiver processing techniques attempt to either (1) decorrelate the 
individual transmitted symbol streams such that there is no interference from the other 
symbol streams or (2) maxiinize the SNR of each detected symbol stream in the 
presence of noise and inteiference from the other symbol streams. Each detected 
symbol stream is then further processed (e.g., demodulated, deinterleaved, and decoded) 
to recover the traffic data for the symbol stream. 

[1033] The successive cancellation receiver processing technique attempts to 
recover the transmitted symbol streams, one at a time, using spatial or space-time 
receiver processing, and to cancel the interference due to each "recovered" symbol 
stream such that later recovered symbol streams experience less interference and may be 
able to achieve higher SNRs. The successive cancellation receiver processing technique 
may be used if the interference due to each recovered symbol stream can be accurately 
estimated and canceled, which requires error-free or low-error recovery of the symbol 
stream. The successive cancellation receiver processing technique (which is described 
in further detail below) generally outperforms the spatial/space-time receiver processing 
techniques. 

[1034] For the successive cancellation receiver processing technique, the Nr 
received symbol streams are processed by Nt stages to successively recover one 
transmitted symbol stream at each stage. As each transmitted symbol stream is 
recovered, the interference it causes to the remaining not yet recovered symbol streams 
is estimated and canceled from the received symbol streams, and the "modified" symbol 
streams are further processed by the next stage to recover the next transmitted symbol 
stream. If the transmitted symbol streams can be recovered without error (or with 
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roinimal errors) and if the channel response estimate is reasonably accurate, then 
cancellation of the interference due to the recovered symbol stream is effective, and the 
SNR of each subsequently recovered symbol stream is improved. In this way, higher 
performance may be achieved for all transmitted symbol streams (possibly except for 
the first transnaitted symbol stream to be recovered). 
[1035] The following terminology is used herein: 

• "transmitted" symbol streams - the symbol streams transmitted from the transmit 

antennas; 

• "received" symbol streams - the inputs to a spatial or space-time processor in the 

first stage of a successive interference cancellation (SIC) receiver (see FIG. 6); 

• "modified" symbol streams - the inputs to the spatial or space-time processor in 

each subsequent stage of the SIC receiver; 

• "detected" symbol streams - the outputs from the spatial processor (up to 

iVy. — ^ + 1 symbol streams may be detected at stage k); and 

• "recovered" symbol stream - a symbol stream that has been decoded at the 

receiver (only one detected symbol stream is recovered at each stage). 

[1036] FIG. 2 is a flow diagram illustrating the successive cancellation receiver 
processing technique to process Nr received symbol streams to recover Nt transmitted 
symbol streams. For simplicity, the following description for FIG. 2 assumes that (1) 
the number of spatial subchaimels is equal to the number of transmit antennas (i.e., 
= <i Nj^) and (2) one independent data stream is transmitted from each trans3nit 
antenna. 

[1037] For the first stage ( = 1 ), the receiver initially performs spatial or space- 
time processing on the Nr received symbol streams to attempt to separate out the Nt 
transmitted symbol streams (step 212). For the first stage, the spatial or space-time 
processing can provide Nt detected symbol streams that are estimates of the Nt (not yet 
recovered) transmitted symbol streams. One of the detected symbol streams is then 
selected (e.g., based on a particular selection scheme) and further processed. If the 
identity of the transmitted symbol stream to be recovered in the stage is known a priori^ 
then the space or space-time processing may be peif ormed to provide only one detected 
symbol stream for this transmitted symbol stream. In either case, the selected detected 
symbol stream is further processed (e.g., demodulated, deinterleaved, and decoded) to 
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obtain a decoded data stream, which is an estimate of the data stream for the transmitted 
symbol stream being recovered in this stage (step 214). 

[1038] A determination is then made whether or not all transmitted symbol streams 
have been recovered (step 216). If the answer is yes, then the receiver processing 
terminates. Otherwise, the interference due to the just-recovered symbol stream on 
each of the Nr received symbol streams is estimated (step 218). The interference may 
be estimated by first re-encoding the decoded data stream, interleaving the re-encoded 
data, and symbol mapping the interleaved data (using the same coding, interleaving, and 
modulation schemes used at the transnaitter unit for this data stream) to obtain a 
"remodulated" symbol stream, which is an estimate of the transmitted symbol stream 
just recovered. The remodulated symbol stream is then convolved by each of Njr 
elements in a channel response vector to derive Nr interference components due to 
the just-recovered symbol stream. The vector h^. is a column of the (Nj^xNj^) channel 
response matrix, H, corresponding to the j-th transmit antenna used for the just- 
recovered symbol stream. The vector h^. includes Nr elements that define the channel 
response between they-th transmit antenna and the Nr receive antennas 
[1039] The Nr interference components are then subtracted from the Nr received 
symbol streams to derive Nr modified symbol streams (step 220). These modified 
symbol streams represent the streams that would have been received if the just- 
recovered symbol stream had not been transmitted (i.e., assuming that the interference 
cancellation was effectively performed). 

[1040] The processing performed in steps 212 and 214 is then repeated on the Nr 
modified symbol streams (instead of the Nr received symbol streams) to recover another 
transmitted symbol stream. Steps 212 and 214 are thus repeated for each transmitted 
symbol stream to be recovered, and steps 218 and 220 are performed if there is another 
transmitted symbol stream to be recovered. 

[1041] For the first stage, the input symbol streams are the Nr received symbol 
streams from the Nr received antennas. And for each subsequent stage, the input 
symbol streams are the Nr modified symbol streams from the preceding stage. The 
processing for each stage proceeds in sinailar manner. At each stage subsequent to the 
first stage, the symbol streams recovered in the prior stages are assumed to be cancelled. 
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SO the dimensionality of the channel response matrix H is successively reduced by one 
column for each subsequent stage. 

[1042] The successive cancellation receiver processing thus includes a number of 
stages, one stage for each transmitted symbol stream to be recovered. Each stage 
recovers one of the transriiitted symbol streams and (except for the last stage) cancels 
the interference due to this recovered sjmibol stream to derive the modified symbol 
streams for the next stage. Each subsequently recovered symbol stream thus 
experiences less interference and is able to achieve a higher SNR than without the 
interference cancellation. The SNRs of the recovered symbol streams are dependent on 
the particular order in which the symbol streams are recovered. 

[1043] For the successive cancellation receiver processing, the input symbol streams 
for the k-th stage (assuming that the interference from the symbol streams recovered in 
the prior k-1 stages have been effectively canceled) may be expressed as: 

y^=HjtX,+n , Eq(2) 

where y^ is the N^xl input vector for the ^-th stage, i.e., y^^ =[yi* — yNj^y ^ 

where is the entry for the i-th received antenna in the k-th stage; 
is the (Nj, - + 1) x 1 transmitted vector for the ^~th stage, i.e., 
= [Xfc Xj^^i ... Xf^^ ]^ , where Xj is the entry transmitted from the j-th 
transndt antenna; 

is the X {Nj- - A: + 1) channel response matrix for the MIMO chaimel, 
with k-1 columns for the previously recovered symbol streams removed, 
i-e., Uk = \hk hM - h^J;and 
n is the additive white Gaussian noise 

For simplicity, equation (2) assumes that the transmitted symbol streams are recovered 
in the order of the transmit antennas (i.e., the symbol stream transmitted from transmit 
antenna 1 is recovered first, the symbol stream transmitted from transmit antenna 2 is 
recovered second, and so on, and the symbol stream transmitted from transmit antenna 
Nt is recovered last). Equation (2) may be rewritten as: 



wo 03/075479 



PCT/US03/06326 



12 

Ik ^Ti^J^J +5 • Eq(3) 



[1044] The transmitted symbol stream to be recovered in stage k may be viewed as 
being projected at a particular angle from an interference sub-space (or plane) . The 
transmitted symbol stream is dependent on (and defined by) the channel response vector 
. An interference-free component of the transmitted symbol stream may be obtained 
by projecting the channel response vector, h^. , on an interference-free sub-space, which 
is orthogonal to the interference sub-space. This projection may be achieved by 
multiplying with a jfilter having a response of w. The filter that attains the 
maximum energy after the projection is the one that lies in a sub-space constructed by 
h;. and the interference sub-space , where =span (i, 12 ... i^^^^ ), -<5'^^„, 
and {i„ } , for w = 1, 2, ... iV^, - & , are orthonormal basis spanning the interference sub- 
space . The average energy after the projection is given by: 

= rii, Eq(4) 

where w h^^ represents the projection of on the interference-free sub-space (i.e., the 
desired component), and 

S represents the projection of on the interference sub-space (i.e., the 
interference component). 
Equation (4) assumes equal transmit powers being used for the transmit antennas. 
[1045] The effective SNR for the symbol stream recovered in the fe-th stage, 
SNRgg.(fc) , may be expressed as: 

SNR,,(^) = ^MV^Z_^ . Eq(5) 
a* N-p 
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where Ptot is the total transmit power available for data transmission, which is uniformly 
distributed across the Nt transmit antennas such that P^^^ I is used for 
each transmit antenna, and 



[1046] The received SNR for all Nr received symbol streams, SNRjx, may be 
defined as: 



[1047] Combining equations (5) and (6), the effective SNR for the symbol stream 
recovered in the fc-th stage may be expressed as: 



The effective SNR formulation shown in equation (7) is based on several assumptions. 
First, it is assumed that the interference due to each recovered data stream is effectively 
canceled and does not contribute to the noise and interference observed by the 
subsequently recovered symbol streams. Second, it is assumed that no (or low) errors 
propagate from one stage to another. Third, an optimum filter that maximizes SNR is 
used to obtain each detected symbol stream. Equation (7) also provides the effective 
SNR in linear unit (i.e., not in log or dB unit). 

[1048] As noted above, the transmitted symbol streams may experience different 
channel conditions and may achieve different SNRs for a given amount of transmit 
power. If the achieved SNR of each symbol stream is known at the transmitter, then the 
data rate and coding and modulation scheme for the corresponding data stream may be 
selected to maximize spectral efficiency while achieving a target packet error rate 
(PER). However, for some MEMO systems, chaimel state information indicative of the 
current channel conditions is not available at the transmitter. In this case, it is not 
possible to perform adaptive rate control for the data streams. 

[1049] Conventionally, in some MIMO systems, data is transmitted over the Nt 
transmit antennas at the same data rates (i.e., uniform distribution of data rates) when 
channel state information is not available at the transmitter. At the receiver, the Nr 
received symbol streams may be processed using the successive cancellation receiver 



cr^ is the noise variance. 



P N 

SNR^=^ 



Eq(6) 




Eq(7) 
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processing technique. In one conventional scheme, the SNRs of the + 
detected symbol streams at each stage k are determined, and the detected symbol stream 
with the highest SNR is recovered in that stage. This transmission scheme with unifomi 
distribution of data rates provides sub-optimal performance. 

[1050] Techniques are provided herein to provide improved performance for a 
MEMO system when channel state information indicative of the current channel 
conditions is not available at the transmitter. In an aspect, a non-uniform distribution of 
data rates is used for the transmitted data streams. The data rates may be selected to 
achieve (1) a given or specified overall spectral efficiency with a lower minimum 
received SNR or (2) a higher overall spectral efficiency for a given or specified received 
SNR. A specific scheme for achieving each of the above objectives is provided below. 
It can be shown that the non-uniform distribution of data rates generally outperforms the 
conventional uniform distribution of data rates in many situations. 
[1051] As shown in equation (7), the effective SNR of each recovered symbol 
stream is dependent on the particular stage at which it is recovered, as indicated by the 
factor "fe" in the numerator in equation (7). The lowest effective SNR is achieved for 
the first recovered symbol stream, and the highest effective SNR is achieved for the last 
recovered symbol stream. 

[1052] To achieve improved performance, non-uniform distribution of data rates 
may be used for the data streams transmitted on different antennas (i.e., different 
spectral efficiencies may be assigned to different transmit antennas), depending on their 
effective SNRs. At the receiver, the transnoitted data streams may be recovered in an 
ascending order of data rates. That is, the data stream with the lowest data rate is 
recovered first, the data stream with the next higher data rate is recovered second, and 
so on, and the data stream with the highest data rate is recovered last. 
[1053] The data rates to be used for the data streams may be determined by taking 
into account various considerations. First, earlier recovered symbol streams achieve 
lower effective SNRs, as shown in equation (7), and further suffer from lower diversity 
order. In fact, the diversity order at stage k may be given as {Nj^ — A^^^ + k) . Moreover, 
decoding errors from earlier recovered symbol streams propagate to later recovered 
symbol streams and can affect the effective SNRs of these subsequently recovered 
symbol streams. The data rates for earlier recovered symbol streams may thus be 
selected to achieve high confidence in the recovery of these symbol streams and to 
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reduce or limit the error propagation QEP) effect on later recovered symbol streams. 
Second, the later recovered symbol streams may be more vulnerable to errors if they are 
designated to support larger spectral efficiencies, even though they may be able to 
achieve higher effective SNRs. 

[1054] Various schemes may be implemented to (1) determine the minimum 
received SNR needed to support a given distribution of data rates (or spectral 
efficiencies) or, (2) determine the distribution of spectral efficiencies that attains the 
best performance for a given received SNR. One specific scheme for each of these 
objectives is described below. 

[1055] FIG. 3 is a flow diagram of an embodiment of a process 300 for determining 
the minimum received SNR needed to support a given set of data rates. This set of data 
rates is denoted as {r^^ } , for A: = 1, 2, ... Nj^ , and are ordered such that ^ r2... :< r^^ . 

The data rates in set {r^ } are to be used for the Nt data streams to be transmitted from 
the Nt transmit antennas. 

[1056] Initially, the SNR required at the receiver to support each data rate (or 
spectral efficiency) in set {r^. } is determined (step 312). This may be achieved by using 

a look-up table of required SNR versus spectral efficiency. The reqmred SNR for a 
given spectral efficiency may be determined (e.g., using computer simulation) based on 
an assumption that a single data stream is transmitted over a {l,Nj^} single-input 
multiple-output (SIMO) channel, and is further determined for a particular target PER 
(e.g., 1% PER). The required SNR for a data stream with data rate r^^ is denoted as 
SNRrcq(r/fc). A set of Nt required SNRs is obtained in step 312 for the Nt data streams. 
[1057] The Nt data rates in set {r^^ } are associated with Nt SNRs required at the 

receiver to achieve the target PER (e.g., as determined from the look-up table). These 
A^?^ data rates are also associated with Nt effective SNRs that may be achieved at the 
receiver based on a particular received SNR using successive interference cancellation 
processing at the receiver, as shown in equation (7). The data rates in set {r^^ } are 
deemed to be supported if the Nt required SNRs are at or below the corresponding 
effective SNRs. Visually, the Nt required SNRs may be plotted versus data rates and 
connected together by a first line, and the Nt effective SNRs may also be plotted versus 
data rates and connected together by a second line. The data rates in set {r^ } are then 
deemed to be supported if no part of the first line is above the second line. 
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[1058] The margin for a given data rate may be defined as the difference between 
the effective SNR and the required SNR for the data rate, i.e., 
margin (k) = SNR^^ (r^^ ) -SNR^gq (r^ ) . The data rates in set {r^ } may also be deemed 
to be supported if the margin for each data rate is zero or greater. 

[1059] The effective SNRs for the data streams are dependent on the received SNR, 
and may be derived from the received SNR as shown in equation (7)- The minimxim 
received SNR needed to support the Nt data rates in set {r^ } is the received SNR that 
results in the effective SNR of at least one data rate being equal to the required SNR 
(i.e., zero margin). Depending on the specific data rates included in set {r^}, the 

minimum margin (of zero) may be achieved for any one of the Nt data rates in the set. 
[1060] For the first iteration, the minimum margin is assumed to be achieved by the 
last recovered data stream, and the index variable X is set to Nt (i.e., X=Nj.) (step 
314). The effective SNR for the ^-th recovered data stream is then set equal to its 
required SNR (i.e., SNR^^(A) = SNR^q(A)) (step 316). The received SNR is next 

determined based on the effective SNR of SNR3fl.(A) for the X-th recovered data 
stream, using equation (7) (step 318). For the first iteration when A,= A^^ , the received 
SNR may be determined using equation (7) with k^Nj^, which may then be expressed 
as: 

SNR„ = N^ • SNR,^ (Nj^ ) . Eq (8) 

The effective SNR of each remaining data stream is then determined based on the 
received SNR computed in step 318 and using equation (7), for =1, 2, ... iVy -1 
(step 320). A set of Nr effective SNRs is obtained by step 320 for the Nr data streams. 
[1061] The required SNR for each data rate in set {r^ } is then compared against the 
effective SNR for the data rate (step 322). A determination is next made whether or not 
the data rates in set {r^} are supported by the received SNR determined in step 318 
(step 324). In particular, if the required SNR for each of the Nt data rates is less than or 
equal to the effective SNR for that data rate, then the data rates in set {r^ } are deemed 
to be supported by the received SNR and success is declared (step 326). Otherwise, if 
any one of the Nt data rates exceeds the effective SNR for the data rate, then the data 
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rates in set {r^^ } are deemed to not be supported by the received SNR, In this case, the 
variable X is decremented (i.e., A,= A— 1, so that X^Nj^^-l for the second iteration) 
(step 328). The process then returns to step 316 to determine the set of effective SNRs 
for the data rates in set {r^ } under the assumption that the minimum margin is achieved 

for the second to last recovered data stream. As many iterations as necessary may be 
performed until success is declared in step 326. The received SNR determined in step 
318 for the iteration that results in the declaration of success is then the minimum 
received SNR needed to support the data rates in set {r^ } . 

[1062] The process shown in FIG. 3 may also be used to determine whether or not a 
given set of data rates is supported by a given received SNR. This received SNR may 
correspond to the operating SNR, SNRop, which may be the average or expected (but 
not necessarily the instantaneous) received SNR at the receiver. The operating SNR 
may be determined based on measurements at the receiver and may be periodically 
provided to the transmitter. Alternatively, the operating SNR may be an estimate of the 
MEMO channel in which the transmitter is expected to operate. In any case, the 
received SNR is given or specilBed for the MEMO system. 

[1063] Referring to FIG. 3, to determine whether or not the given set of data rates is 
supported by the given received SNR, the required SNR for each data rate may be 
determined initially (step 312). A set of Nt required SNRs is obtained in step 312 for 
the Nt data streams. Steps 3 14, 316, and 318 may be skipped, since the received SNR is 
already given. The effective SNR of each data stream is then deterniined based on the 
given received SNR and using equation (7), for A: = 1, 2, ... Nj, (step 320). A set of Nt 
effective SNRs is obtained in step 320 for the Nt data streams. 

[1064] The required SNR for each data rate in set {tj^ } is then compared against the 
effective SNR for that data rate (step 322). A determination is next made whether or 
not the data rates in set {rf, } are supported by the received SNR. If the required SNR 
for each of the Nt data rates is less than or equal to the effective SNR for that data rate, 
then the data rates in set {rf.} are deemed to be supported by the received SNR, and 
success is declared (step 326). Otherwise, if the required SNR for any one of the Nt 
data rates exceeds the effective SNR for the data rate, then the data rates in set {r^ } are 
deemed to not be supported by the received SNR, and failure is declared. 
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[1065] For clarity, an example is described below for a {2, 4} MEMO system with 
two transmit antennas (i.e., =2) and four received antennas (i.e., iV^ =4) and 
designated to support an overall spectral efficiency of 3 bits per second per Hertz 
(bps/Hz). For this example, two sets of data rates are evaluated. The first set includes 
data rates corresponding to 1 bps/Hz and 2 bps/Hz, and the second set includes data 
rates corresponding to 4/3 bps/Hz and 5/3 bps/Hz. The performance of each rate set is 
determined (e.g., based on the process shown in FIG. 3) and compared against one 
another. 

[1066] FIG. 4 shows plots of PER versus SNR for a {1, 4} MIMO system for 
spectral efficiencies of 1 bps/Hz, 4/3 bps/Hz, 5/3 bps/Hz, and 2 bps/Hz. These plots 
may be generated by computer simulation or some other means, as is known in the art. 
A MIMO system is typically designated to operate at a particular target PER. In this 
case, the SNR required to achieve the target PER for each spectral efficiency may be 
determined and stored in a look-up table. For example, if the target PER is 1%, then 
values of -2.0 dB, 0.4 dB, 3.1 dB, and 3.2 dB may be stored in the look-up table for 
spectral efficiencies of 1, 4/3, 5/3, and 2 bps/Hz, respectively. 

[1067] For the first rate set, the required SNRs for data streams 1 and 2 with spectral 
efficiencies of 1 and 2 bps/Hz, respectively, may be determined (step 312 in FIG. 3) 
using plots 412 and 418 in FIG. 4, as follows: 

SNR (1) = -2.0 dB , for data stream 1 with spectral efficiency of 1 bps/Hz, and 
SNR^^q (2) = 3.2 dB , for data stream 2 with spectral efficiency of 2 bps/Hz. 

The effective SNR of data stream 2 (which is recovered last and under the assumption 
that the interference from data stream 1 was effectively cancelled) is then set to its 
required SNR (step 316), as follows: 



The received SNR is then determined based on equation (8) (step 318), as follows: 



SNR,ff(2)=SNR,,,(2) = 3.2dB . 



SNR,, =2. SNR ,,^(2) , 

SNR„ =SNR_(2) + 3.0dB=6.2dB , 



for linear unit, or 



for log unit. 
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[1068] The effective SNR of each remaining data stream (i.e., data stream 1) is next 
determined based on equation (7) (step 320), as follows: 

SNR,ff (1) = 3/ 8 • SNR^ , for linear unit, or 

SNR,ff(l) = SNR^-4.3dB = 1.9dB , forlogunit. 

[1069] The effective and required SNRs for each data rate in the first rate set are 
given in columns 2 and 3 in Table 1. The margin for each data rate is also determined 
and given in the last row in Table 1. 



Table 1 





First rate set 


Second rate set 


Unit 


Data stream 


1 


2 


1 


2 




Spectral efficiency 


1 


2 


4/3 


5/3 


bps/Hz 


SNReff 


1.9 


3.2 


1.8 


3.1 


dB 


SNRreq 


-2.0 


3.2 


0.4 


3.1 


dB 


margin 


3.9 


0.0 


1.4 


0.0 


dB 



[1070] The required SNRs for data stream 1 and 2 are then compared against the 
effective SNRs for these data streams (step 322). Since SNR^^ (2) = SNR^^ (2) and 

SNR^q(l) < SNR^ff (1), this set of data rates is supported by a minimum received SNR 

of 6.2dB. 

[1071] Since the first rate set is deemed to be supported by the first iteration through 
the process shown in FIG. 3, no additional iterations need to be performed. However, 
had this first rate set not been supported by a received SNR of 6.2 dB (e.g., if the 
required SNR for data stream 1 turned out to be greater than 1.9 dB), then another 
iteration would be performed whereby the received SNR is determined based on 
SNR,^q (1) and would be greater than 6.2 dB. 

[1072] For the second rate set, the required SNRs for data streams 1 and 2 with 
spectral efficiencies of 4/3 and 5/3 bps/Hz, respectively, may be determined using plots 
414 and 416 in FIG. 4, as follows: 

SNR (1) = 0.4 dB , for data stream 1 with spectral efficiency of 4/3 bps/Hz, and 
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SNR^q (2) = 3.1 dB , for data stream 2 with spectral efficiency of 5/3 bps/Hz. 

The effective SNR of data stream 2 is then set to its required SNR. The received SNR 
is then determined based on equation (8), as follows: 

SNR„ =SNR,^(2) + 3.0dB = 6.1dB, forlogunit 

[1073] The effective SNR of each remaining data rate (i.e., data rate 1) is next 
determined based on equation (7), as follows: 

SNR^ff (1) = SNR„ -4.3 dB = 1.8 dB , for log unit. 

[1074] The effective and required SNRs for each data rate in the second rate set are 
given in columns 4 and 5 in Table 1. 

[1075] The effective SNRs of data streams 1 and 2 are then compared against their 
required SNRs. Again, since SNR„q(2) =SNR^flF(2) and SNR^(1) <SNR^fy(l), this 

set of data rates is supported by a minimum received SNR of 6.1 dB, 
[1076] The above description is for a "vertical" successive interference cancellation 
scheme whereby one data stream is transmitted from each transmit antenna and, at the 
receiver, one data stream is recovered at each stage of the successive interference 
cancellation receiver by processing the stream firom one transmit antenna. The plots in 
FIG. 4 and the look-up table are derived for this vertical scheme. 

[1077] The techniques described herein may also be used for a "diagonal" 
successive interference cancellation scheme whereby each data stream is transmitted 
from multiple (e.g., all Nt) transmit antennas (and possibly across multiple frequency 
bins). At the receiver, the symbols from one transmit antenna noay be detected at each 
stage of the successive interference cancellation receiver, and each data stream may then 
be recovered from the symbols detected from multiple stages. For the diagonal scheme, 
another set of plots and another look-up table may be derived and used. The techniques 
described herein may also be used for other ordering schemes, and this is within the 
scope of the invention. 

[1078] For the above example, it can be shown that, for the diagonal successive 
interference cancellation scheme, the nainimum received SNR needed to support a 
uniform distribution of data rates (i.e., spectral efficiency of 1.5 bps/Hz on each of the 
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two data streams) is approximately 0.6 dB higher than that needed for the second rate 
set (i.e., spectral efficiencies of 4/3 and 5/3). This gain is achieved without severely 
complicating the system design. 

[1079] In order to reduce the ndnimum received SNR needed to achieve the target 
PER for a given overall spectral efficiency, the last recovered data stream may be 
assigned with the smallest possible spectral efficiency that does not violate the no error 
propagation condition for any of the prior recovered data streams. If the spectral 
efficiency of the last recovered data stream is reduced, then the spectral efficiency of 
one or more prior recovered data streams needs to be increased accordingly to achieve 
the given overall spectral efficiency. The increased spectral efficiency for the earlier 
recovered data streams would then result in higher required SNRs. If the spectral 
efficiency of any one of the earlier recovered data streams is increased too high, then the 
minimum received SNR is determined by the required SNR for this data stream and not 
by the last recovered data stream (which is the case for the uniform distribution of data 
rates). 

[1080] In the above example, the second rate set needs a smaller received SNR 
because the later recovered data stream 2 is assigned a smaller spectral efficiency that 
does not violate the no error propagation condition for the first recovered data stream 1. 
For the first rate set, the spectral efficiency assigned to data stream 1 is too conservative 
so that, while it assures no error propagation, it also hurts the overall performance by 
forcing a higher spectral efficiency to be assigned to data stream 2, In comparison, the 
second rate set assigns a more realistic spectral efficiency to data stream 1 that still 
assures no error propagation (albeit with less confidence in comparison to the first rate 
set). As shown in Table 1, the margin for data stream 1 for the first rate set is 3.9 dB 
while the margin for data stream 1 for the second rate set is 1.4 dB. 
[1081] The techniques described herein may also be used to determine a set of data 
rates that maximizes the overall spectral efficiency for a given received SNR (which 
may be the operating SNR for the MIMO system). In this case, a set of effective SNRs 
may be initially determined for the Nt data streams based on the given received SNR 
and using equation (7). For each effective SNR in the set, the highest spectral 
efficiency that may be supported by this effective SNR for the target PER is then 
determined. This may be achieved by using another look-up table that stores values for 
spectral efficiency versus effective SNR. A set of Nt spectral efficiencies is obtained 
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for the set of Nt effective SNRs. A set of data rates corresponding to this set of Nt 
spectral efficiencies is then determined and may be used for the Nt data streams. This 
rate set maximizes the overall spectral efficiency for the given received SNR. 
[1082] In the description above, the effective SNRs of the data streams are 
determined based on the received SNR and using equation (7). This equation includes 
various assumptions, as noted above, which are generally true (to a large extent) for 
typically MIMO systems. Moreover, equation (7) is also derived based on the use of 
successive interference cancellation processing at the receiver. A different equation or a 
look-up table may also be used to determine the effective SNRs of the data streams for 
different operating conditions and/or different receiver processing techniques, and this 
is within the scope of the invention. 

[1083] For simplicity, the data rate determination has been described specifically for 
a MIMO system. These techniques may also be used for other multi-channel 
communication systems. 

[1084] A wideband MIMO system may experience frequency selective fading, 
which is characterized by different amounts of attenuation across the system bandwidth. 
This frequency selective fading causes inter-symbol interference (ISI), which is a 
phenomenon whereby each symbol in a received signal acts as distortion to subsequent 
symbols in the received signal. This distortion degrades performance by impacting the 
ability to correctly detect the received symbols. 

[1085] OFDM may be used to combat ISI and/or for some other considerations. An 
OFDM system effectively partitions the overall system bandwidth into a number of (Nf) 
frequency subchannels, which may also be referred to as subbands or frequency bins. 
Each frequency subchannel is associated with a respective subcarrier on which data may 
be modulated. The frequency subchannels of the OFDM system may also experience 
frequency selective fading, depending on the characteristics (e.g., the muMpath profile) 
of the propagation path between the transmit and receive antennas. Using OFDM, the 
ISI due to frequency selective fading may be combated by repeating a portion of each 
OFDM symbol (i.e., appending a cyclic prefix to each OFDM symbol), as is known in 
the art. 

[1086] For a MIMO system that utilizes OFDM (i.e., a MIMO-OFDM system), Nf 
frequency subchannels are available on each of the Ns spatial subchannels for data 
transmission. Each frequency subchannel of each spatial subchannel may be referred to 
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as a transmission channel, and Njp'N^ transmission channels are available for data 

transmission between the Nt transmit antennas and Nr receive antennas. The data rate 
determination described above may be performed for the set of Nt transmit antennas, 
similar to that described above for the MIMO system. Alternatively, the data rate 
determination may be performed independently for the set of Nt transnait antennas for 
each of the iV> frequency subchannels 

Transmitter System 

[1087] FIG. 5 is a block diagram of a transnodtter unit 500, which is an embodiment 
of the transmitter portion of transmitter system 110 in FIG. 1. In this embodiment, a 
separate data rate and coding and modulation scheme may be used for each of the Nt 
data streams to be transmitted on the Nt transmit antennas (i.e., separate coding and 
modulation on a per-antenna basis). The specific data rate and coding and modulation 
schemes to be used for each transmit antenna may be determined based on controls 
provided by controller 130, and the data rates may be determined as described above. 
[1088] Transmitter unit 500 includes (1) a TX data processor 114a that receives, 
codes, and modulates each data stream in accordance with a separate coding and 
modulation scheme to provide modulation symbols and (2) a TX MEMO processor 120a 
that may further process the modulation symbols to provide transmission symbols if 
OFDM is employed. TX data processor 114a and TX MIMO processor 120a are one 
embodiment of TX data processor 114 and TX MIMO processor 120, respectively, in 
FIG. 1. 

[1089] In the specific embodiment shown in FIG. 5, TX data processor 114a 
includes a demultiplexer 510, iV^ encoders 512a through 512t, Nt channel interleavers 
514a through 514t, and Nt symbol mapping elements 516a through 516t, (i.e., one set 
of encoder, channel interleaver, and symbol mapping element for each transmit 
antenna). Demultiplexer 510 demultiplexes the traffic data (i.e., the information bits) 
into Nt data streams for the Nt transmit antennas to be used for data transmission. The 
Nt data streams may be associated with different data rates, as determined by the rate 
control. Each data stream is provided to a respective encoder 512. 

[1090] Each encoder 512 receives and codes a respective data stream based on the 
specific coding scheme selected for that data stream to provide coded bits. The coding 
increases the reliability of the data transmission. The coding scheme may include any 
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combination of cyclic redundancy check (CRC) coding, convolutional coding. Turbo 
coding, block coding, and so on. The coded bits from each encoder 512 are then 
provided to a respective channel interleaver 514, vi^hich interleaves the coded bits based 
on a particular interleaving scheme. The interleaving provides time diversity for the 
coded bits, permits the data to be transmitted based on an average SNR for the 
transmission channels used for the data stream, combats fading, and further removes 
correlation between coded bits used to form each modulation sjmabol. 
[1091] The coded and interleaved bits from each channel interleaver 514 are 
provided to a respective symbol mapping element 516, which maps these bits to form 
modulation symbols. The particular modulation scheme to be implemented by each 
symbol mapping element 516 is determined by the modulation control provided by 
controller 130. Each symbol mapping element 516 groups sets of qj coded and 
interleaved bits to form non-binary symbols, and further maps each non-binary symbol 
to a specific point in a signal constellation corresponding to the selected modulation 
scheme (e.g., QPSK, M-PSK, M-QAM, or some other modulation scheme). Each 
mapped signal point corresponds to an M/-ary modulation symbol, where M/ 
corresponds to the specific modulation scheme selected for the j-th transmit antenna and 
= 2^^ . Symbol mapping elements 516a through 516t then provide Nt streams of 
modulation symbols. 

[1092] In the specific embodiment shown in FIG. 5, TX MIMO processor 120a 
includes Nt OFDM modulators, with each OFDM modulator including an inverse 
Fourier transform (IFFT) unit 522 and a cyclic prefix generator 524. Each IFFT 522 
receives a respective modulation symbol stream from a corresponding symbol mapping 
element 516. Each IFFT 522 groups sets of Np modulation symbols to form 
corresponding modulation symbol vectors, and converts each modulation symbol vector 
into its time-domain representation (which is referred to as an OFDM symbol) using the 
inverse fast Fourier transform. IFFT 522 may be designed to perform the inverse 
transform on any number of frequency subchannels (e.g., 8, 16, 32, ... , Np, ...). For 
each OFDM symbol, cyclic prefix generator 524 repeats a portion of the OFDM symbol 
to form a corresponding transmission symbol. The cyclic prefix ensures that the 
transmission symbol retains its orthogonal properties in the presence of multipath delay 
spread, thereby improving performance against deleterious path effects such as channel 
dispersion caused by frequency selective fading. Cyclic prefix generator 524 then 
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provides a stream of transmission symbols to an associated transmitter 122. If OFDM is 
not employed, then TX MIMO processor 120a simply provides the modulation symbol 
stream from each symbol mapping element 516 to the associated transmitter 122. 
[1093] Each transmitter 122 receives and processes a respective modulation symbol 
stream (for MIMO without OFDM) or transmission symbol stream (for MEMO with 
OFDM) to generate a modulated signal, which is then transmitted from the associated 
antenna 124. 

[1094] Other designs for the transmitter unit may also be implemented and are 
within the scope of the invention. 

[1095] The coding and modulation for MIMO systems with and without OFDM are 
described in further detail in the following U.S. patent applications: 

• U.S. Patent Application Serial No. 09/993,087, entitled "Multiple-Access 
Multiple-Input Multiple-Output (MIMO) Commundcation System," filed 
November 6, 2001; 

• U.S. Patent Application Serial No. 09/854,235, entitled "Method and Apparatus 
for Processing Data in a Multiple-Input Multiple-Output (MEMO) 
Communication System Utilizing Channel State Information" filed May 11, 
2001; 

• U.S. Patent Application Serial Nos. 09/826,481 and 09/956,449, both entitled 
"Method and Apparatus for Utilizing Channel State Information in a Wireless 
Communication System," respectively filed March 23, 2001 and September 18, 
2001; 

• U.S. Patent Application Serial No. 09/776,075, entitled "Coding Scheme for a 
Wireless Communication System," filed February 1, 2001; and 

• U.S. Patent Application Serial No. 09/532,492, entitled "High Efficiency, High 
Performance Communications System Employing Multi-Carrier Modulation," 
filed March 30, 2000. 

These applications are all assigned to the assignee of the present application and 
incorporated herein by reference. Application Serial No. 09/776,075 describes a coding 
scheme whereby different rates may be achieved by coding the data with the same base 
code (e.g., a convolutional or Turbo code) and adjusting the puncturing to achieve the 
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desired rate. Other coding and modulation schemes may also be used, and this is within 
the scope of the invention. 

Receiver System 

[1096] FIG. 6 is a block diagram of a RX MIMO/data processor 160a capable of 
implementing the successive cancellation receiver processing technique. RX 
MIMO/data processor 160a is one embodiment of RX MIMO/data processor 160 in 
FIG. 1. The signals transmitted from Nt transmit anteimas are received by each of Nr 
antennas 152a through 152r and routed to a respective receiver 154. Each receiver 154 
conditions (e.g., filters, amplifies, and downconverts) a respective received signal and 
digitizes the conditioned signal to provide a corresponding stream of data samples. 
[1097] For MIMO without OFDM, the data samples are representative of the 
received symbols. Each receiver 154 vi^ould then provide to RX MIMO/data processor 
160a a respective received symbol stream, which includes a received symbol for each 
symbol period. 

[1098] For MEMO with OFDM, each receiver 154 further includes a cyclic prefix 
removal element and an FFT processor (both of which are not shown in FIG. 6 for 
simplicity). The cyclic prefix removal element removes the cyclic prefix, which has 
been inserted at the transmitter system for each transmission symbol, to provide a 
corresponding received OFDM symbol. The FFT processor then transforms each 
received OFDM symbol to provide a vector of Nf received symbols for the Nf 
frequency subchannels for that symbol period. Nr received symbol vector streams are 
then provided by Nr receivers 154 to RX MIMO/data processor 160a. 
[1099] For MIMO with OFDM, RX MIMO/data processor 160a may demultiplex 
the Nr received symbol vector streams into Nf groups of Nr received symbol streams, 
one group for each frequency subchannel, with each group including Nr streams of 
received symbols for one frequency subchannel. RX MIMO/data processor 160a may 
then process each group of Nr received symbol streams in similar manner as for the Nr 
received symbol streams for MIMO without OFDM. RX MIMO/data processor 160a 
may also process the received symbols for MIMO with OFDM based on some other 
ordering scheme, £^ is known in the art. In any case, RX MIMO/data processor 160a 
processes the Nr received symbol streams (for MIMO without OFDM) or each group of 
Nr received symbol streams (for MIMO with OFDM). 
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[1100] In the embodiment shown in FIG. 6, RX MIMO/data processor 160a 
includes a number of successive (i.e., cascaded) receiver processing stages 610a through 
61 On, one stage for each of the transmitted data streams to be recovered. Each receiver 
processing stage 610 (except for the last stage 610n) includes a spatial processor 620, an 
RX data processor 630, and an interference canceller 640. The last stage 610n includes 
only spatial processor 620n and RX data processor 630n. 

[1101] For the first stage 610a, spatial processor 620a receives and processes the Nr 
received symbol streams (denoted as the vector y^) from receivers 154a through 154r 
based on a particular spatial or space-time receiver processing technique to provide (up 
to) Nt detected symbol streams (denoted as the vector x^). For MEMO with OFDM, the 
Nr received symbol streams comprise the received symbols for one frequency 
subchannel. The detected symbol stream corresponding to the lowest data rate, , is 
selected and provided to RX data processor 630a. Processor 630a further processes 
(e.g., demodulates, deinterleaves, and decodes) the detected symbol stream, , selected 
for the first stage to provide a decoded data stream. Spatial processor 620a further 
provides an estimate of the channel response matrix H, which is used to perform the 
spatial or space-time processing for all stages. 

[1102] For the first stage 610a, interference canceller 640a also receives the Nr 
received symbol streams from receivers 154 (i.e., the vector y^ ). Interference canceller 

640a further receives the decoded data stream from RX data processor 630a and 
performs the processing (e.g., encoding, interleaving, modulation, channel response, and 
so on) to derive Nr remodulated symbol streams (denoted as the vector j ) that are 
estimates of the interference components due to the just-recovered data stream. The 
remodulated symbol streams are then subtracted from the first stage's input symbol 
streams to derive Nr modified symbol streams (denoted as the vector y^), which 

include all but the subtracted (i.e., cancelled) interference components. The Nr 
modified symbol streams are then provided to the next stage. 

[1103] For each of the second through last stages 610b through 610n, the spatial 
processor for that stage receives and processes the Nr modified symbol streams from the 
interference canceller in the preceding stage to derive the detected symbol streams for 
that stage. The detected symbol stream corresponding to the lowest data rate at that 
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stage is selected and processed by the RX data processor to provide the decoded data 
stream for that stage. For each of the second through second-to-last stages, the 
interferenfce canceller in that stage receives the Nr modified symbol streams from the 
interference canceller in the preceding stage and the decoded data stream from the RX 
data processor within the same stage, derives Nr remodulated symbol streams, and 
provides Nr modified symbol streams for the next stage. 

[1104] The successive cancellation receiver processing technique is described in 
further detail in the aforementioned U.S. Patent Application Serial Nos. 09/993,087 and 
09/854,235. 

[1105] The spatial processor 620 in each stage implements a particular spatial or 
space-time receiver processing technique. The specific receiver processing technique to 
be used typically dependent on the characteristics of the MIMO channel, which may 
be characterized as either non-dispersive or dispersive. A non-dispersive MIMO 
channel experiences flat fading (i.e., approximately equal amount of attenuation across 
the system bandwidth), and a dispersive MIMO channel experiences ftequency- 
selective fading (e.g., different amounts of attenuation across the system bandwidth). 
[1106] For a non-dispersive MIMO channel, spatial receiver processing techniques 
may be used to process the received signals to provide the detected symbol streams. 
These spatial receiver processing techniques include a channel correlation matrix 
inversion (CCMI) technique (which is also referred to as a zero-forcing technique) and a 
minimum mean square error (MMSE) technique. Other spatial receiver processing 
techniques may also be used and are within the scope of the invention. 
[1107] For a dispersive MIMO channel, time dispersion in the channel introduces 
inter-symbol interference (ISI), To improve performance, a receiver attempting to 
recover a particular transmitted data stream would need to ameliorate both the 
interference (or "crosstalk") from the other transmitted data streams as well as the ISI 
from all data streams. To combat both crosstalk and ISI, space-time receiver processing 
techniques may be used to process the received signals to provide the detected symbol 
streams. These space-time receiver processing techniques include a MMSE linear 
equalizer (MMSE-LE), a decision feedback equalizer (DFE), a maximum-likelihood 
sequence estimator (MLSE), and so on. 
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[1108] The CCMI, MMSE, MMSE-LE, and DEE techniques are described in detail 
in the aforementioned U.S. Patent Application Serial Nos. 09/993,087, 09/854,235, 
09/826,481, and 09/956,44. 

[1109] The data rate determination and data transmission techniques described 
herein may be implemented by various means. For example, these techniques may be 
implemented in hardware, software, or a combination thereof. For a hardware 
implementation, the elements used to determinate data rates at the transmitter and the 
data transmission at the transmitter/receiver may be implemented within one or more 
application specific integrated circuits (ASICs), digital signal processors (DSPs), digital 
signal processing devices (DSPDs), programmable logic devices (PLDs), field 
prograjcnmable gate arrays (FPGAs), processors, controllers, micro-controllers, 
microprocessors, other electronic units designed to perform the functions described 
herein, or a combination thereof. 

[1110] For a software implementation, certain aspects of the data rate determination 
and the processing at the transmitter/receiver may be implemented with modules (e.g., 
procedures, functions, and so on) that perform the functions described herein. The 
software codes may be stored in a memory unit (e.g., memory 132 in FIG. 1) and 
executed by a processor (e.g., controller 130). The memory unit may be implemented 
within the processor or external to the processor, in which case it can be 
communicatively coupled to the processor via various means as is known in the art. 
[1111] Headings are included herein for reference and to aid in locating certain 
sections. These headings are not intended to limit the scope of the concepts described 
therein under, and these concepts may have applicability in other sections throughout 
the entire specification. 

[1112] The previous description of the disclosed embodiments is provided to enable 
any person skilled in the art to make or use the present invention. Various 
modifications to these embodiments will be readily apparent to those skilled in the art, 
and the generic principles defined herein may be applied to other embodiments without 
departing from the spirit or scope of the invention. Thus, the present invention is not 
intended to be limited to the embodiments shown herein but is to be accorded the widest 
scope consistent with the principles and novel features disclosed herein. 



[1113] WHAT IS CLAIMED IS: 
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CLAIMS 

1. A method for determining data rates for a plurality of data streams to be 
transmitted via a plurality of transmission channels in a multi-channel communication 
system, comprising: 

determining a required signal-to-noise-and-interference ratio (SNR) for each of a 
plurality of data rates to be used for the plurality of data streams, wherein at least two of 
the data rates are unequal; 

determining an effective SNR for each of the plurality of data streams based in 
part on successive interference cancellation processing at a receiver to recover the 
plurality of data streams; 

comparing the required SNR for each data stream against the effective SNR for 
the data stream; and 

determining whether or not the plurality of data rates are supported based on 
results of the comparing. 

2. The method of claim 1, wherein the plurality of data streams are 
transmitted over a plurality of transmit antennas in a multiple-input multiple-output 
(MEMO) conmiunication system. 

3. The method of claim 2, wherein each data stream is transmitted over a 
respective transmit antenna, and wherein the effective SNR for each data stream is 
determined based on full transmit power being used for the data stream. 

4. The method of claim 1, wherein the effective SNR for each data stream 
is further determined based on a received SNR indicative of an operating condition of 
the plurality of transmission channels. 

5. The method of claim 4, wherein the received SNR is determined based 
on the required SNR for one of the plurality of data streams. 

6. The method of claim 4, wherein the received SNR is specified for the 
communication system. 
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7. 



The method of claim 4, wherein the received SNR is estimated at the 



receiver. 



8. The method of claim 4, wherein the successive interference cancellation 
processing recovers one data stream at each stage, and wherein the effective SNR for 
each recovered data stream is estimated as 



where SNR^^ (k) is the effective SNR for the data stream recovered in stage k, 
SNR^ is the received SNR, 

Nt is the number of transmit antennas used for data transmission, and 
iV/? is the number of receive antennas. 



evaluating a plurality of sets of data rates; and 

selecting a rate set associated with a minimum received SNR for use for the 
plurality of data streams. 

10. The method of claim 9, wherein the data rates in each rate set are 
selected to achieve a specified overall spectral efficiency. 

11. The method of claim 1, wherein the required SNR for each data rate is 
determined based on a look-up table. 

12. The method of claim 1, wherein the plurality of data rates are deemed to 
be supported if the required SNR for each data rate is less than or equal to the effective 
SNR for the data rate. 

13. The method of claim 1, wherein the communication system implements 
orthogonal frequency division multiplexing (OFDM). 




Eq(9) 



9. 



The method of claim 4, further comprising: 
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14. A method for detennining data rates for a plurality of data streams to be 
transmitted over a plurality of transmit antennas in a multiple-input multiple-output 
(MIMO) conmiunication system, comprising: 

determining an operating signal-to-noise-and-interference ratio (SNR) indicative 
of £tn operating condition of the MIMO system; 

determining a required SNR for each of a plurality of data rates to be used for 
the plurality of data streams, wherein at least two of the data rates are unequal and 
wherein the plurality of data rates are selected to achieve a specified overall spectral 
efficiency; 

determining an effective SNR for each of the plurality of data streams based on 
the operating SNR and successive interference cancellation processing technique at a 
receiver to recover the plurality of data streams; 

comparing the required SNR for each data stream against the effective SNR for 
the data stream; and 

determining whether or not the plurality of data rates are supported based on 
results of the comparing. 

15. A method for determining data rates for a plurality of data streams to be 
transmitted via a plurality of transmission channels in a multi-channel communication 
system, comprising: 

determining a received SNR indicative of an operating condition of the plurality 
of transmission channels; 

detemaining an effective SNR for each of the plurality of data streams based on 
the received SNR and successive interference cancellation processing at a receiver to 
recover the plurality of data streams; and 

determining a data rate for each data stream based on the effective SNR for the 
data stream, wherein at least two of the data rates are unequal. 

16. The method of claim 15, wherein the data rate for each data stream is 
determined such that a required SNR for the data stream is less than or equal to the 
effective SNR for the data stream. 
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17. The method of claim 15, wherein the received SNR is specified for the 
coromunication system. 

18. The method of claim 15, wherein each data stream is transmitted over a 
respective transmit antenna in a multiple-input multiple-output (MIMO) communication 
system. 

19. A memory conmiunicatively coupled to a digital signal processing 
device (DSPD) capable of interpreting digital information to: 

determine a required signal-to-noise-and-interference ratio (SNR) for each of a 
plurality of data rates to be used for a plurality of data streams to be transmitted via a 
plurality of transmission channels in a multi-channel communication system, wherein at 
least two of the data rates are unequal; 

determine an effective SNR for each of the plurality of data streams based in 
part on successive interference cancellation processing at a receiver to recover the 
plurality of data streams; 

compare the required SNR for each data stream against the effective SNR for the 
data stream; and 

detemoine whether or not the plurality of data rates are supported based on 
results of the comparison. 

20. An apparatus in a multi-channel conmiunication system, comprising: 
means for determining a required signal-to-noise-and-interference ratio (SNR) 

for each of a plurality of data rates to be used for a plurality of data streams to be 
transmitted via a plurality of transmission chaimels, wherein at least two of the data 
rates are unequal; 

means for determining an effective SNR for each of the plurality of data streams 
based in part on successive interference cancellation processing at a receiver to recover 
the plurality of data streams; 

means for comparing the required SNR for each data stream against the effective 
SNR for the data stream; and 

means for determining whether or not the plurality of data rates are supported 
based on results of the comparing. 
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21. The apparatus of claim 20, further comprising: 
means for evaluating a plurality of sets of data rates; and 

means for selecting a rate set associated with a minimum received SNR for use 
for the plurality of data streams. 

22. The apparatus of claim 20, wherein the multi-channel communication 
system is a multiple-input multiple-oulput (MIMO) communication system. 

23. The apparatus of claim 22, wherein the MEMO system implements 
orthogonal frequency division multiplexing (OFDM). 

24. A base station comprising the apparatus of claim 20. 

25. A wireless terminal comprising the apparatus of claim 20. 

26. A transmitter unit in a multiple-input multiple-output (MIMO) 
communication system, comprising: 

a controller operative to determine a plurality of data rates for a plurality of data 
streams to be transmitted over a plurality of transmit antennas by 

determining a required signal-to-noise-and-interference ratio (SNR) for 
each of the plurality of data rates, wherein at least two of the data rates are 
unequal, 

detemaining an effective SNR for each of the plurality of data streams 
based in part on successive interference cancellation processing technique at a 
receiver to recover the plurality of data streams, 

comparing the required SNR for each data stream against the effective 
SNR for the data stream, and 

determining whether or not the plurality of data rates are supported based 
on results of the comparing; 

a transmit (TX) data processor operative to process each data stream with the 
determined data rate to provide a respective symbol stream; and 
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one or more transmitters operative to process a plurality of symbol streams for 
the plurality of data streams to provide a plurality of modulated signals suitable for 
transmission over the plurality of transmit antennas. 

27. The transmitter unit of claim 26, wherein the controller is further 
operative to determine the data rates for the plurality of data streams by 

evaluating a plurality of sets of data rates, and 

selecting a rate set associated with a minimum received SNR. 

28. A base station comprising the transmitter unit of claim 26. 

29. A wireless terminal comprising the transmitter unit of claim 26. 

30. A transmitter apparatus in a multiple-input multiple-output (MIMO) 
communication system, comprising: 

means for determining a required signal-to-noise-and-interference ratio (SNR) 
for each of a plurality of data rates to be used for a plxirality of data streams to be 
transmitted over a plurality of transmit antennas in the MIMO system, wherein at least 
two of the data rates are unequal; 

means for determining an effective SNR for each of the plurality of data streams 
based in part on successive interference cancellation processing at a receiver to recover 
the plurality of data streams; 

means for comparing the required SNR for each data stream against the effective 
SNR for the data stream; 

means for determining whether or not the plurality of data rates are supported 
based on results of the comparison; 

means for processing each data stream to provide a respective symbol stream; 

and 

means for processing a plurality of symbol streams for the plurality of data 
streams to provide a plurality of modulated signals suitable for transmission over the 
plurality of transmit antennas. 
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31. A receiver unit in a multiple-input multiple-output (MIMO) 
communication system, comprising: 

a receive (RX) MIMO processor operative to receive and process a plurality of 
received symbol streams using successive interference cancellation processing to 
provide a plurality of detected symbol streams for a plurality of transmitted data 
streams, one detected data stream for each stage of the successive interference 
cancellation processing; and 

a RX data processor operative to process each detected symbol stream to provide 
a corresponding decoded data stream, and 

wherein data rates for the plurality of transmitted data streams are determined by 
determining a received signal-to-noise-and-interference ratio (SNR) indicative of an 
operating condition of the communication system, determining an effective SNR for 
each of the plurality of data streams based on the received SNR and the successive 
interference cancellation processing, and determining the data rate for each data stream 
based on the effective SNR, and wherein at least two of the data rates are unequal. 



wo 03/075479 



PCT/US03/06326 



1/6 



f5 





CD 




o 






Q 


O 




CO 





DC 


DC 










DC 





DC 


DC 






g 




DC 


1- 



81 




wo 03/075479 



PCT/US03/06326 



2/6 



C 



Start 



200 



Perform spatial or space-time 
processing on A/^ input symbol 
streams to provide one or more 
detected symbol streams 



r212 



Recover (demodulate, 
deinterleave, and 
decode) a selected 
detected symbol stream 



r2l4 




YES 



Estimate the interference due 
to the recovered symbol stream 



r2l8 



Cancel the estimated 
interference from the 
received symbol streams 
to derive the input symbol 
streams for the next stage 



r220 



c 



End 



3 



FiG.2 



wo 03/075479 



PCT/US03/06326 



3/6 



C 



start 

i 

Determine the required SNR, 
SNR^gq(rj^), for each data rate, 
in a set of data rates to be used 



3 



300 



'312 



Set A/7. 



/■314 



setSNR^(A) = SNR^(X,) 



Determine the received SNR 
based on SNR^fjCA,) 



f316 
f318 



Determine the effective SNR, 
SNRgff(r^), of each data rate in the 
set based on the received SNR 



r320 



Compare the required SNR of each \f322 
data rate against the effective SNR 




YES 



SetX=;^-1 





326 








Declare success 




f 



c 



End 



FIG. 3 



wo 03/075479 



PCT/US03/06326 



4/6 




wo 03/075479 



PCT/US03/06326 



5/6 




c 
o 

o 



Is 

■■5 = 
o O 



ID 

EC 



O O 

O O 



o 2 
■to E 

O 



wo 03/075479 



PCT/US03/06326 



6/6 



152a 



RCVR 



1^2r(^154r 



RCVR 



Received 
Symbol 
Streams 



Detected 

Symbol 

Streams 



160a 



'610a 



r620a 




r630a 


Spatial 




RX Data 


Processor 




Processor 



■640a 



Interference 
Canceller 



Stage, 1 



'610b 



r620b 



Spatial 
Processor 



X2 
-=-► 


RX Data 




Processor 



r640b 



Interference 
Canceller 



Stage 2 



1 f610n 



Spatial 
Processor 




RX Data 
Processor 





Stage Nj 



Decoded Data 
Stream 1 



170 



4— ► 



Controller 



Decoded Data 
Stream 2 



Decoded Data 
Stream Nj 



FIG. 6 



INTERNATIONAL SRARCH REPORT 



International application No. 
PCT/US0S/06S26 



A. CLASSIFICATION OF SUBJECT MATTER 
IPC(7) :H04<B 1/69; H04J H/OO 

US CL .376/130; 370/208 
According to International Patent ClassiHcation (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

U.S. : 375/130, 220, 284, 285; 370/208, 286, 289, 278 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields 
searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
EAST 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



us 6,154,484 A (LEE et al) 28 November 2000 see figs 1-5 and 
col. 2, lines 5-15 and col. 4, lines 60-67 and col. 7, lines 35-50 and 
col. 14, lines 11-20 and col.22, lines 55-57 

US 6,141,317 A (MARCHOK et al)31 October 2000 see fig.2 and 
col.22, lines 44-67 and col.27, lines 1-67 and col.28, lines 1-67 



1-31 



1-31 



I I Further documents are listed in the continuation of Box C. | | See patent family annex. 



* Special categories of cited docunxeiLts: 

"A" document defining the general state of the ajrt wMoli is not oonsideied 

to be of particular relevance 

"S" oadior dooament published on or after tlio iutomational fUing date 

"L" documeut wMcE may throw doubts oil prioxity Qlai]a(5) or whioh. is 

cited to establish the pubUcafciou date of auother oitatlou or other 
special reason (a& spooifiod) 

"O" dooumeiLt referring to an oral disclasurOf nse, exhibition or other 

means 

' P" document pabUshed prior to the intema-tional filing da,to bnf Latfir 
than the priority date claimed 



"T" later document published after the international filing date or priority 

date and not in conflict with the application bat cited to understand 
the principle or theory tmderlying the iuveaiion 

"X?' dooumout of particular relevance; the claimed invention cannot be 

considered novel or cannot bo considered to invoLvo an inventive step 
when the document is taken alone 

"T" document of particular relevance; the claimed invention cannot be 

considered to invoLvB an inventive step when the docnmont is combined 
with one or more other snoh documents, such combination being 
obvious to a person skilled in the art 

document mamber of the same patent family 



Date of the actual completion of the international search 



17 APRIL 2O0S 



Date of mailing of the international searqh report 

12 MAY 




Name and mailing address of the ISA/US 
Commissioner of Patents and Trademarks 

Box PCT 

Washington, D.C. 20231 
Facsimile No. (703) so6-S2SO 



Authorized officer 

BAYARD, EMMANUEL 
Telephone No. (708) 308-95 ^3 ^ 



Form PCT/ISA/210 (second sheet) (July 1998)* 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US0S/06S26 



Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 



This international report has not been established in respect of certain claims under Article 17(2)(a) for the following; reasons: 



n 



Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 



Claims Nos.: 

because they relate to parts of the international application that do not comply with the prescribed requirements to 
such an extent that no meaningful international search can be carried out, specifically: 



s. I I Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 



This International Searching Authority found multiple inventions in this international application, as follows: 



1. j I As all required additional search fees were timely paid by the applicant, this international search report covers all 

searchable claims. 

2. I I As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 

of any additional fee. 

S. I j As only some of the required additional search fees were timely paid by the applicant, this international search report 
covers only those claims for which fees were paid, specifically claims Nos.: 



4. [ I No required additional search fees were timely paid by the applicant. Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest | [ The additional search fees were accompanied by the applicant's protest. 

I I No protest accompanied the payment of additional search fees. 



Form PCT/lSA/210 (continuation of first 5heet(l)) (July 1998)* 



per 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
iDternational Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification ^ : 

H04M 11/00, H04B 15/00, 1/10 
H04L 5/00, 25/08, H04B 1/10 



Al 



(11) International Publication Number: WO 86/ 07223 

(43) International Publication Date: 4 December 1986 (04.12.86) 



(21) International Application Number: PCT/US86/00983 

(22) International Filing Date: 5 May 1986 (05.05.86) 



(31) Priority Application Number: 

(32) Priority Date: 

(33) Priority Country: 



736,200 

20 May 1985 (20.05.85) 
US 



(71) Applicant: TELEBIT CORPORATION [US/US]; 10440 
Bubb Road, Cupertino, CA 95014 (US). 

f72)lnwntor: HUGHES-HARTOGS, Dirk ; 2220 Rolling 
Hills Drive, Morgan Hill, CA 95037 (US). 

(74) Agent: ALLEN, Kenneth, R.; Townsend and Town- 
send, One Market Plaza, San Francisco, CA 94105 
(US). 



(81) Designated States: AT (European patent), AU, BE (Eu- 
ropean patent), BR, CH (European patent), DE (Eu- 
ropean patent), DK, FR (European patent), GB (Eu- 
ropean patent), IT (European patent), JP, KR, LU 
(European patent), NL (European patent), NO, SE 
(European patent). 



Published 

Wiih international search report 



(54) Title: ENSEMBLE MODEM STRUCTURE FOR IMPERFECT TRANSMISSION MEDIA 

/26 



DIGITAL. 
DATA IN 



J30jb2 



£!1 d 



MOD. 
PARAMETER 
GENERATOR 



/-28 



^40 



MOOULATOR t ^ 



/66 



CONTROL 
AND 
SCHEDULING 
UNIT 



50 



64i 



(57) Abstract 



r62 



DIGITAL 
DATA 
GENERATOR 



58 



'56 



DE-MODULATOR 




— i 



A higji speed modem (26) that transmits and receives digital data on an ensemble of carrier frequencies spanning the 
usable band of a dial-up telephone line (48). The modem includes a system (30, 32, 34, 36, 40, 43, 44) for variably allocating 
data and power among the carriers to compensate for equivalent noise and to maximize the data rate. Additionally, sys- 
tems for eliminating the need for an equalization network, for adaptively allocating control of a channel, and for tracking 
variations in line parameters are disclosed. 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States paify to the PCT on the frontpages of pamphlets publishing international appli- 



cations under the PCT. 










AT 


Austria 


GA 


Gabon 


MR 


Mauritania 


AU 


Australia 


GB 


United Kingdom 


MW 


Malawi 


BB 


Barbados 


HU 


Hungary 


NL 


Netheriands 


BE 


Belgium 


IT 


Italy 


NO 


Norway 


BG 


Bulgaria 


JP 


Japan 


RO 


Romania 


BR 


Brazil 


KP 


Democratic People's Republic 


SD 


Sudan 


CF 


Central African Republic 




of Korea . 


SE 


Sweden 


CG 


Congo 


KR 


Republic of Korea 


SN 


Senegal 


CH 


Switzerland 


LI 


Liechtenstein 


su 


Soviet Union 


CM 


Cameroon 


LK 


Sri Lanka 


TD 


Chad 


D£ 


Germany, Federal Republic of 


LU 


Luxembourg 


TG 


Togo 


DK 


Denmark 


MC 


Monaco 


US 


United States of America 


H 


Finland 


MG 


Madagascar 






FR 


France 


ML 


Mali 







ENSEMBLE MODEM STRUCTURE FOR 
IMPERFECT TRANSMISSION MEDIA 



BACKGROUND OF THE INVENTION 

1. Field of the Invention ; 

The invention relates generally to the field 
of data communications and, more particularly, to a 
high speed modern^ 

2. Description of the Prior Art ; 

Recently, specially designed telephone lines . 
for the direct transmission of digital data have been 
introduced- However, the vast majority of telephone 
lines are designed to carry analog voice frequency (VF) 
signals. Modems are utilized to modulate VF carrier 
signals to encode digital information on the VF carrier 
signals and to demodulate the signals to decode the 
digital infoinnation carried by the signal* 

Existing VF telephone lines have several 
limitations that degrade the performance of modems and 
limit the rate at which data can be transmitted below 
desired error rates. These limitations include the 
presence of frequency dependent noise on the VF tele- 
phone lines, a frequency dependent phase delay induced 
by the VF telephone lines, and frequency dependent sig- 
nal loss. 

Generally, the usable band of a W telephone 
line is from slightly above zero to about four kHz. 
The power spectrum of the line noise is not uniformly 
distributed over frequency and is generally not deter- 
minative. Thus, there is no a priori method for deter- 
mining the distribution of the noise spectrum over the 
usable bandwidth of the VF line. 

Additionally, a frequency-dependent propaga- 
tion delay is induced by the VF telephone line. Thus, 
for a complex multi- frequency signal, a phase delay 
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between the various components of the signal will be 
induced by the VF telephone line. Again, this phase 
delay is not determinative and must be measured for an 
5 individual VF telephone line at the specific time that 
transmission takes place « 

Further, the signal loss over the VF 
telephone line varies with frequency. The equivalent 
noise is the noise spectrum component added to the 

10 signal loss component for each carrier frequency, where 
both components are measured in decibels (dB). 

Generally, prior art modems compensate for 
equivalent line noise and signal loss by gear- shifting' 
the data rate down to achieve a satisfactory error 

15 rate* For example, in U.S. patent 4,438,511, by Baran, 
a high speed modem designated SM9600 Super Modem 
manufactured by Gandalf Data, Inc., is described. In 
the presence of noise impairment, the SM9600 will "gear 
shift" or drop back its transmitted data rate to 4800 

20 bps or 2400 bps. The system described in the Baran 
patent transmits data over 64 orthogonally modulated 
carriers. The Baran system compensates for the frequency 
dependent nature of the noise on the VF line by termi- 
nating transmission on carriers having the same frequency 

25 as the frequency of large noise components on the line. 
Thus, Baran gracefully degrades its throughput by ceas- 
ing to transmit on carrier frequencies at the highest 
points of the VF line noise spectrum. The Baran system 
essentially makes a go/no go decision for each carrier 

30 signal, depending on the distribution of the VF line 
noise spectrum. This application reflects a continua- 
tion of the effort initiated by Baran. 

Most prior art systems compensate for fre- 
quency dependent phase delay induced by the VF line by 

35 an equalization system. The largest phase delay is 
induced in frequency components near the edges of the 
usable band. Accordingly, the frequency components 
near the center of the band are delayed to allow the 
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frequency components at the outside of the band to 
catch up. Equalization generally requires additional 
circuitry to accomplish the above-described delays. 
5 A further problem associated with two way 

transmission over the VF telephone line is that inter- 
ference between the outgoing and incoming signals is 
possible. Generally, separation and isolation between 
the two signals is achieved in one of three ways: 
10 (a) Frequency multiplexing in which different 

frequencies are used for the different signals* This 
method is common in modem-based telecommunication sys- 
tems . 

(b) Time multiplexing, in which, different 

15 time segments are used for the different signals. This 
method is often used in half-duplex systems in which a 
transmitter relinquishes a channel only after sending 
all the data it has. And, 

(c) Code multiplexing, in which the signals 
20 are sent using orthogonal codes. 

All of the above-described systems divide the 
space available according to constant proportions fixed 
during the initial system design. These constant 
proportions, however, may not be suitable to actual 
. 25 traffic load problem presented to each modem. For 

example, a clerk at a PC work station connected to a 
remote host computer may type ten or twenty characters 
and receive a full screen in return. In this case, 
constant proportions allocating the channel equally 

30 between the send and receive modems would greatly 

over allocate the channel to the PC work station clerk. 
Accordingly, a modem that allocates chaimel capacity 
according to the needs of the actual traffic load, 
situation would greatly increase the efficient 

35 utilization of the channel capacity. 



SUMMARY OF THE INVENTION 

The present invention is a high-speed modem 
for use with dial-up VF telephone lines. The modem 
utilizes a multicarrier modulation scheme and variably 
allocates data and power to the various carriers to 
maximize the overall data transmission rate* The 
allocation of power among the carriers is subject to 
the constraint that the total power allocated must not 
exceed a specified limit. 

In a preferred embodiment, the modem further 
includes a variable allocation system for sharing con- 
trol of a communication link between two modems (A and' 
B) according to actual user requirements. 

Another aspect of the invention is a system 
for compensating for frequency dependent phase delay 
and preventing intersymbol interference that does not 
require an equalization network. 

According to one aspect of the invention^, 
quadrature amplitude modulation (QAM) is utilized to 
encode data elements of varying complexity on each 
carrier. The equivalent noise component at each 
carrier frequency is measured over a communication link 
between two modems (A and B). 

As is known in the art, if the bit error rate 
(BER) is to be maintained ielow a specified level, then 
the power required to transmit a data element of a 
given complexity on a given carrier frequency must be 
increased if the equivalent noise component at that 
frequency increases. Eguivalently, to increase data 
complexity, the signal to noise ratio, S/N, must be 
increased. 

In one embodiment of the present invention, 
data and power are allocated to maximize the overall 
data rate within external BER and total available power 
constraints. The power allocation system computes the 
marginal required power to increase the symbol rate on 
each carrier from n to n + 1 information units. The 
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system then allocates information units to the carrier 
that requires the least additional power to increase 
its sjonbol rate by one information unit. Because the 
5 marginal powers are dependent on the values of the 

equivalent noise spectrum of the particular established 
transmission link, the allocation of power and data is 
specifically tailored to compensate for noise over this 
particular link- 

10 According to another aspect of the invention, 

a first section of the symbol on each carrier is 
retransmitted to form a guard-time waveform of duration 
Tg + Tpjj where is the duration of the symbol and Tp^^ 
is the duration of the first section. The, magnitude of 

15 Tpjj is greater than or equal to the maximum estimated 

phase delay for any frequency component of the 

waveform. For example, if the symbol is represented by 

the time series, Xq ... x^_^, transmitted in time T^; 

then the guardtime waveform is represented by the time 

20 series, Xp, ... x_ ^ , x^ ... x_ , transmitted in time 
0 n-l o m-l 

Tjg + ^pH' ratio that m bears to n is equal to the 

ratio that Tp^ bears to T^. 

At the receiving modem, the. time of arrival, 
Tq, of the first frequency component of the guard- time 
25 waveform is determined. A sampling period, of dura- 
tion Tg, is initiated a time + ^PH* 

Accordingly, the entire symbol on each carrier 
frequency is sampled and intersymbol interference is 
eliminated. 

30 According to a still further aspect of the 

invention, allocation of control to the transmission 
link between modems A and B is accomplished by setting 
limits to the number of packets that each modem may 
transmit during one transmission cycle. A packet of 

35 information comprises the data encoded on the ensemble 

of carriers comprising one waveform. Each modem is also 
constrained to transmit a minimum number of packets to 
maintain the communication link between the modems. 
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Thus, even if one modem has no data to transmit, the 
minimum packets maintain timing and other parameters 
are transmitted. On the other hand, if the voliime of 
5 data for a modem is large, it is constrained to transmit 
only the maximum limited number of packets, N, before 
relinquishing control to the other modem. 

In practice, if modem A has a small volume of 
data and modem B has a large volume of data, modem B 

10 will have control of the transmission link most of the 
time. If control is first allocated to modem A it will 
only transmit the minimal number, I, of packets* Thus 
A has control for only a short time* Control is then 
allocated to B which transmits N packets, where N may 

15 be very large. Control is again allocated to modem A 
which transmits I packets before returning control to 
B. 

Thus, allocation of control is proportional 
to the ratio of I to N* If the transmission of the 
20 voltime of data on modem A requires L packets, where L 
is between I and N, then the allocation is proportional 
to the ratio of L to N. Accordingly, allocation of the 
transmission link varies according to the actual needs 
of the user. 

25 Additionally, the maximum number of packets, 

N, need not be the same fdr each modem, but may be 
varied to accommodate known disproportions in the data 
to be transmitted by A and B modems. 

According to another aspect of the invention, 

30 signal loss and frequency offset are measured prior to 
data determination. A tracking system determines 
variations from the measured values and compensates for * 
these deviations. 

According to a further aspect of the inven- 

35 tion, a system for determining a precise value of Tq 
is included. This system utilizes two timing signals, 
at f^ and incorporated in a waveform transmitted 
from modem A at time T, . The relative phase difference 
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between the first and second timing signals at time 
is zero. 

The waveform is received at modem B and a 
5 rough estimate, T^g^, of the time of reception is 

obtained by detecting energy at f^^. The relative phase 
difference between the timing signals at time T^g^ is 
utilized to obtain a precise timing reference, Tq. 

BRIEF DESCRIPTION OF THE DRAWINGS 
10 Fig. 1 is a graph of the ensemble of carrier 

frequencies utilized in the present invention. 

Fig. 2 is a graph of the constellation illus- 
trating the QAM of each carrier. 

Fig. 3 is a block diagram of an embodiment of 
15 the invention. 

Fig. 4 is a flow chart illustrating the syn- 
chronization process of the present invention. 

Fig. 5 is a series of graphs depicting the 
constellations for 0, 2, 4, 5, 6 bit data elements and 
20 exemplary signal to noise ratios and power levels for 
each constellation. 

Fig. 6 is a graph illustrating the water fill- 
ing algorithm. 

Fig. 7 is a histogram illustrating the appli- 
25 cation of the waterfilling algorithm utilized in the 
present invention. 

Fig. 8 is a graph depicting the eJfects of 
phase dependent frequency delay on frequency components 
in the ensemble. 
30 Fig. 9 is a graph depicting the wave forms 

utilized in the present invention to prevent inter- 
symbol interference. 

Fig. 10 is a graph depicting the method of 
receiving the transmitted ensemble. 
35 Fig. 11 is a schematic diagram depicting the 

modulation template. 
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Fig. 12 is a schematic diagram depicting the 
quadrants of one square in the modulation template. 

Fig. 13 is a schematic diagram of a hardware 
5 embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The present invention is a modem that 
adaptively allocates power between various carrier 
frequencies in a frequency ensemble to compensate for 

10 frequency dependent line noise, eliminates the need for 
equalization circuitry to compensate for a frequency 
dependent phase delay, and provides a duplex mechanism - 
that accounts for varying channel load conditions to 
allocate the channel between the send and receive 

15 modems. Additional features of the invention are de- 
scribed below. 

A brief description of the frequency ensemble 
and modulation scheme utilized in the present invention 
is first presented with respect to Figs. 1 and 2 to 

20 facilitate the understanding of the invention. A 

specific embodiment of the invention is then described 
with reference to Fig. 3. Finally, the operation of 
various features of the invention are described with 
reference to Figs. 4 through 13. 

25 Modulation and Erisemble Configuration 

Referring now to Fig. 1, a diagrammatic 
representation is shown of the transmit ensemble 10 of ' 
the present invention. The ensemble includes 512 car- 
rier frequencies 12 equally spaced across the available 

30 4 kHz VF band. The present invention utilizes 

quadrature amplitude modulation (QAM) wherein phase 
independent sine and cosine signals at each carrier 
frequency are transmitted. The digital information 
transmitted at a given carrier frequency is encoded by 

35 amplitude modulating the independent sine and cosine 
signals at that frequency. 
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The QAM system transmits data at an overall 
bit rate, R^. However, the transmission rate on each 
carrier, denoted the symbol or baud rate, Rg, is only a 
5 fraction of Rg. For example, if data were allocated 
equally between two carriers then Rg = Rg/2. 

In the preferred embodiment 0, 2, 4, 5 or 6 
bit data elements are encoded on each carrier and the 
modulation of each carrier is changed every 136 msec* 
10 A theoretical maximum, R^, assuming a 6 bit Rg for each 
carrier, of 22,580 bit/sec (bps) results, A typical 
relizable Rg, assuming 4 bit Rg over 75% of the 
carriers, is equal to about 11,300 bps. This extremely 
high Rg is achieved with a bit error rate of less than 
15 1 error/100,000 bits transmitted. 

In Fig- 1, a plurality of vertical lines 14 
separates each ensemble into time increments known 
hereafter as "epochs." The epoch is of duration Tg 
where the magnitude of Tg is determined as set forth 
20 below. 

The QAM system for encoding digital data onto 
the various carrier frequencies will now be described 
with reference to Fig. 2. In Fig. 2 a four bit "con- 
stellation" 20 for the nth carrier is depicted. A four 

25 bit number may assume sixteen discrete values. Each 
point in the constellation represents a vector (x^^^^Yj^) 
with x^ being the amplitude of the sine signal and y^ 
being the amplitude of the cosine signal in'' the above- 
described QAM system. The subscript n indicates the 

30 carrier being modulated. Accordingly, the four bit 

constellation requires four discrete y^ and four dis- 
crete x^ values. As described more fully below, 
increased power is required to increase the number of 
bits transmitted at a given carrier frequency due to 

35 the equivalent noise component at that frequency. The 
receive modem, in the case of four bit transmission, 
must be able to discriminate between four possible 
values of the x^ and y^ amplitude coefficients. This 
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ability to discriminate is dependent on the signal to 
noise ratio for a given carrier frequency* 

In a preferred einbodiment, packet technology 
5 is utilized to reduce the error rate. A packet includes 
the modulated epoch of carriers and error detection data. 
Each packet in error is retransmitted until correct. 
Alternatively, in systems where retransmission of data 
is undesirable, epochs with forward error correcting 

10 codes may be utilized. 

Block Diagram 
Fig. 3 is a block diagram of an embodiment of 
the present invention. The description that follows is 
of an originate modem 26 coupled to an originate end of 

15 a communication link formed over a public switched 

telephone line. It is understood that a communication 
system also includes an answer modem coupled to the 
answer end of the communication link. In the following 
discussion, parts in the answer modem corresponding to 

20 identical or similar parts in the originate modem will 
be designated by the reference number of the originate 
modem primed. 

Referring now to Fig. 3, an incoming data 
stream is received by a send system 28 of the modem 26 

25 at data input 30. The data is stored as a sequence of 
data bits in a buffer memory 32. The output of buffer 
memory 32 is coupled to the input of a modulation 
parameter generator 34. The output of the modulation ' 
parameter generator 34 is coupled to a vector table 

30 buffer memory 36 with the vector table buffer memory 36 
also coupled to the input of a modulator 40. The out- 
put of the modulator 40 is coupled to a time sequence 

if- 

buffer 42 with the time sequence buffer 42 also coupled 
to the input of a digital-to-analog converter 43 in- 
35 eluded in an analog I/O interface 44. The interface 
44 couples the output of the modem to the public 
switched telephone lines 48. 
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A receive system 50 includes an analog-to- 
digital converter (KDC) 52 coupled to the public switched 
telephone line 48 and included in the interface 44* The 
5 output from the ADC 52 is coupled to a receive time 
series buffer 54 which is also coupled to the input of 
a demodulator 56. The output of the demodulator 56 is 
coupled to a receive vector table buffer 58 which is 
also coupled to the input of a digital data generator 

10 60. The digital data generator 60 has an output coupled 
to a receive data bit buffer 62 which is also coupled to 
an output terminal 64. 

A control and scheduling unit 66 is coupled 
with the modulation parameter generator 34, the vector 

15 table buffer 36, the demodulator 56, and the receive 
vector table buffer 58. 

An overview of the functioning of the embodi- 
ment depicted in Fig. 3 will now be presented. Prior 
to the transmission of data, the originate modem 26, in 

20 cooperation with the answer modem 26 ' , measures the equi- 
valent noise level at each carrier frequency, determines 
the number of bits per epoch to be transmitted on each 
carrier frequency, and allocates power to each carrier 
frequency as described more fully below. 

25 The incoming data is received at input port 

30 and formatted into a bit sequence stored in the 
input buffer 32. 

The modulator 34 encodes a given number of 
bits into an (x^^/Yj^) vector for each carrier frequency 

30 utilizing the QAM system described above. For example, 
if it were determined that four bits were to be trans- 
mitted at frequency f^ then four bits from the bit 
stream would be converted to one of the sixteen points 
in the four bit constellation of Fig. 2. Each of these 

35 constellation points corresponds to one of sixteen pos- 
sible combinations of four bits. The amplitudes of the 
sine and cosine signals for frequency n then corresponds 
to the point in the constellation encoding the four bits 
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of the bit sequence. The (Xj^fYj^) vectors are then 
stored in the vector buffer table 36. The modulator 
receives the table of (Xj^/Yji) vectors for the carriers 
5 in the ensemble and generates a digitally encoded time 
series representing a wave form comprising the ensemble 
of QAM carrier frequencies* 

In a preferred embodiment the modulator 40 
includes a fast Fourier transform (FFT) and performs an 

10 inverse FFT operation utilizing the (x,y) vectors as 
the FFT coefficients. The vector table includes 1,024 
independent points representing the 1,024 FFT points of 
the 512 frequency constellation. The inverse FFT 
operation generates 1,024 points in a time series 

15 representing the QAM ensemble. The 1,024 elements of 
this digitally encoded time series are stored in the 
digital time series buffer 42. The digital time 
sequence is converted to an analog wave form by the 
analog to digital converter 43 and the interface 46 

20 conditions the signal for transmission over the public 
switched telephone lines 48. 

Turning now to the receive system 50, the 
received analog waveform from the public switched tele- 
phone lines 48 is conditioned by the interface 46 and 

25 directed to the analog to digital converter 52. The 
analog to digital converter 52 converts the analog 
waveform to a digital 1,024 entry time series table 
which is stored in the receive time series buffer 54. 
The demodulator 56 converts the 1,024 entry time series 

30 table into a 512 entry (x^ y^) vector table stored in 
the receive vector table buffer 58. This conversion is 
accomplished by performing an FFT on the time series. 
Note that information regarding the number of bits 
encoded onto each frequency carrier has been previously 

35 stored in the demodulator and digital data generator 60 
so that the (x,y) table stored in the receive vector 
table buffer 58 may be transformed to an output data 
bit sequence by the digital data generator 60. For 
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example, if the (Xj^/Yj^) vector represents a four bit 
sequence then this vector would be converted to a four 
bit sequence and stored in the receive data bit buffer 
5 62 by the digital data generator 60. The receive data 
bit sequence is then directed to the output 64 as an out- 
put data stream • 

A full description of the FFT techniques uti- 
lized is described in a book by Rabiner et al., entitled 

10 Theory and Applications of Digital Signal Processing , 

Prentice-Hall, Inc., N.J., 1975. However, the FFT modu- 
lation technique described above is not an integral part 
of the present invention. Alternatively, modulation ' 
could be accomplished by direct multiplication of the 

15 carrier tones as described in the above-referenced Baran 
patent, which is hereby incorporated by reference, at 
col. 10, lines 13-70, and col. 11, lines 1-30. Addition- 
ally, the demodulation system described in Baran at col. 
12, lines 35-70, col. 13, lines 1-70, and col. 14, lines 

20 1-13 could be substituted. 

The control and scheduling unit 66 maintains 
overall supervision of the sequence of operations and 
controls input and output functions. 

Determination of Equivalent Noise 

25 As described above, the information content 

of the data element encoded on each frequency carrier 
and the power allocated to that frequency carrier 
depends on the magnitude of the channel noise component 
at that carrier frequency. The equivalent transmitted 

30 noise component at frequency f^, N(f^), is the measured 
(received) noise power at frequency f^^ multiplied by 
the measured signal loss at frequency f^. The equiva- 
lent noise varies from line to line and also varies on 
a given line at different times. Accordingly, in the 

35 present system, N(f) is measured immediately prior to 
data transmission. 

The steps of a synchronization technique 
utilized in the present system to measure N(f) and 
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establish a transmission link between answer and ori- 
ginate modems 26 and 26 » are illustrated in Fig* 4. 
Referring now to Fig. 4, in step 1 the originate modem 
5 dials the number of the answer modem and the answer 

modem goes off hook. In step 2 the answer modem trans- 
mits an epoch of two frequencies at the following power 
levels: 

(a) 1437.5 Hz. at -3 dBR; and 

10 (b) 1687.5 Hz at -3 dBR. 

The power is measured relative to a reference, R, where, 
in a preferred embodiment, OdBR = -9dBm, m being a milli- 
volt. These tones are used to determine timing and fre- 
quency offset as detailed subsequently. 

15 . The answer modem then transmits an answer comb 

containing all 512 frequencies at -27dBR. The originate 
modem receives the answer comb and performs an FFT on the 
comb. Since the power levels of the 512 frequencies were 
set at specified values,, the control and scheduling unit 

20 66 answer modem 26 compares the (Xj^/Y^) values for each 
frequency of the received code and compares those values 
to a table of (Xj^/Yj^) values representing the power lev- 
els of the transmitted answer code. This comparison 
yields the signal loss at each frequency due to the 
. 25 transmission over the VF telephone lines . 

During step 3 both the originate and answer 
modems 26 and 26* accumulate noise data present on the 
line in the absence of any transmission by either 
modem. Both modems then perform an FFT on the accumu- 

30 lated noise signals to determine the measured 

(received) noise spectrum component values at each 
carrier frequency. Several epochs of noise may be aver- 
aged to refine the measurement. 

In step 4 the originate modem transmits an 

35 epoch of two frequencies followed by an originate comb 
of 512 frequencies with the same power levels described 
above for step 2. The answer modem receives the epoch 
and the originate comb and calculates the timing, fre- 



wo 86/07223 



PCT/US86/00983 



15 

guency offset and signal loss values at each carrier 
frequency as described above for the originate modem in 
step 2. At this point the originate modem 26 has accum- 
5 ulated noise and signal loss data for transmission in 
the answer originate direction while the answer modem 
has accumulated the same data relating to transmission 
in the originate answer direction. Each modem requires 
data relating to transmission loss and receive noise in 

10 both the originate-answer and answer-originate direc- 
tions. Therefore, this data is exchanged between the 
two modems according to the remaining steps of the syn- 
chronization process. 

In step 5 the originate modem generates and 

15 transmits a first phase encoded signal indicating which 
carrier frequencies will support two bit transmission 
at standard power levels in the answer- originate direc- 
tion. Each component that will support two bits in the 
answer- originate direction at a standard power level is 

20 generated as a -28 dBR signal with ISO"* relative phase. 
Each component that will not support two bit transmis- 
sion in the answer-originate direction at the standard 
power level is coded as a -28 dBR,0° relative phase 
signal. The answer modem receives this signal and 

25 determines which frequency carriers will support two 
bit transmission in the answer-originate direction. - 

In step 6 the answer modem generates and 
transmits a second phase encoded signal indicating 
which carrier frequencies will support two bit trans- 

30 mission in both the originate- answer and answer-origi- 
nate directions. The generation of this signal is 
possible because the answer modem has accumulated noise 
and signal loss data in the originate-answer direction 
and has received the same data for the answer-originate 

35 direction in the signal generated by the originate 

modem in step 5. In the signal generated by the origi- 
nate modem, each frequency component that will support 
two bits in both directions is coded with 180° relative 
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phase and all other components are coded with 0** rela- 
tive phase. 

A transmission link now exists between the 
5 two modems. In general, 300 to 400 frequency compo- 
nents will support two bit transmission at a standard 
power level, thereby establishing about a 600 bit/epoch 
rate between the two modems. In step 7 the originate 
modem sends data on the nxunber of bits (0 to 15) and 

10 the power levels (0 to 63dB) that can be supported on 
each frequency in the answer-originate direction in 
ensemble packets formed over this existing data link. 
Accordingly, both the originate and answer modem now 
have the data relating to transmission in the answer- 

15 originate direction • The steps for calculating the 
number of bits and power levels that can be supported 
on each frequency component will be described below. 

In step 8 the answer modem sends data on the 
number of bits and power levels that can be supported 

20 on each frequency in the originate- answer direction 
utilizing the existing data link. Thus, both modems 
are apprised of the nimber of bits and power levels to 
be supported on each frequency component in both the 
answer-originate and originate- answer directions. 

25 The above description of the determination of 

the equivalent noise levei component at each carrier • 
frequency sets forth the required steps in a given 
sequence. However, the sequence of steps is'^ not criti- 
cal and many of the steps may be done simultaneously or 

30 in different order, for example, the performance of the 
FFT on the originate code and the accumulation of noise 
data may be done simultaneously. A precise timing 
reference is also calculated during the synchronization 
process. The calculation of this timing reference will 

35 be described more fully below after the description of 
the method for calculating the number of bits and power 
levels allocated to each frequency component. 
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It is a common VF telephone line impairment 
that a frequency offset, of up to 7 Hz, exists between 
transmitted and received signals* This offset must be 
5 corrected for the FFT to function reliably. In a 
preferred embodiment, this correction is achieved by 
performing a single sideband modulation of the quadra- 
ture tones at the offset frequency by the true and Hil- 
bert images of received signal • Synchronization and 

10 tracking algorithms generate estimates of the frequency 
offset necessary- 

Power and Code Complexity Allocation 
The information encoded on each carrier fre- 
quency signal is decoded at the receiver channel by the 

15 demodulator 55. Channel noise distorts the transmitted 
signal and degrades the accuracy of the demodulation 
process. The transmission of a data element having a 
specified complexity, e.g., Bq bits at a specified fre- 
quency, fjj, over a VF telephone line characterized by 

20 an equivalent noise level component, Nq, will now be 
analyzed. Generally, external system requirements 
determine a maximum bit error rate (BER) that can be 
tolerated. For the transmission of b^ bits at noise 
level Nq and frequency f^, the signal to noise ratio 

25 must exceed Ej^/Nq where E^^ is the signal power per bit 
to maintain the BER below ^a given BER, (BER)q. 

Fig. 5 depicts the QAM constellations for 
signals of various complexities B. An exemplary signal 
to noise ratio, Ej^/Nq, for each constellation and the 

30 power required to transmit the number of bits in the 
constellation without exceeding (BER)q is depicted 
alongside each constellation graph. 

A modem operates under the constraint that 
the total available power placed on the public switched 

35 telephone lines may not exceed a value, Pq, set by the 
telephone companies and government agencies. Thus, 
signal power may not be increased indefinitely to 
compensate for line noise. Accordingly, as noise 
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increases, the complexity of the signals transmitted 
must be decreased to maintain the required BER. 

Most existing modems arbitrarily gear shift 
5 the signal complexity down as line noise power 

increases. For example, one prior art modem reduces 
the transmitted data rate from a maximum of 9,600 bps 
to steps of 7,200 bps, 4,800 bps, 2,400 bps, 1,200 bps, 
and so on until the bit error rate is reduced below a 

10 specified maximum. Accordingly, the signal rate is 
decreased in large steps to compensate for noise. In 
the Baran patent, the method for reducing the trans- 
mission rate takes into account the frequency dependent 
nature of the noise spectrum. There, each channel 

15 carries a preset number of bits at a specified power 
level. The noise component at each frequency is 
measured and a decision is made whether to transmit at 
each carrier frequency. Thus, in Baran, the data rate 
reduction scheme compensates for the actual distribu- 

20 tion of the noise over the available bandwidth. 

In the present invention, ttie complexity of 
the signal on each frequency carrier and the amount of 
the available power allocated to each frequency carrier 
is varied in response to the frequency dependence of 

25 the line noise spectrum. 

The present system for assigning various code 
complexities and power levels to the frequency component 
signals in the ensemble is based on the waterfilling 
algorithm. The waterfilling algorithm is an informa- 

30 tion theoretic way of assigning power to a channel to 
maximize the flow of infomation across the channel. 
The channel is of the type characterized by an uneven 
noise distribution and the transmitter is subject to a 
power constraint. Fig. 6 provides a visualization of 

35 the waterfilling algorithm. Referring now to Fig. 6, 

power is measured along the vertical axis and frequency 
is measured along the horizontal axis. The equivalent 
noise spectrum is represented by the solid line 70 and 
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the available power is represented by the area of the 
cross hatched region 72. The name waterfilling comes 
from the analogy of the equivalent noise function to a 
5 series of valleys in a mountain filled with a volume of 
water representing the assigned power. The water fills 
the valleys and assumes a level surface. A theoretical 
description of the waterfilling algorithm is given in 
the book by Gallagher, entitled Information Theory And 

10 Reliable Communication ; J. Wiley and Sons, New York, 
1968, p. 387. 

It must .be emphasized that the waterfilling 
theorem relates to maximizing the theoretical capacity 
of a channel where the capacity is defined as the maxi- 

15 mum of all data rates achievable using different codes, 
all of which are error correcting, and where the best 
tend to be of infinite length. 

The method utilizing the present invention 
does not maximize the capacity of the channel. Instead, 

20 the method maximizes the amount of information trans- 
mitted utilizing the QAM ensemble described above with 
respect to Fig. 1 and subject to an available power 
restriction. 

An implementation of the waterfilling concept 

25 is to allocate an increment of available power to the 
carrier having the lowest equivalent noise floor until 
the allocatd power level reaches the equivalent noise 
level of the second lowest carrier. This allocation 
requires a scan through the 512 frequencies. 

30 Incremental power is then allocated between 

the lowest two carriers until the equivalent noise 
level of the third lowest channel is reached. This 
allocation level requires many scans through the 
frequency table and is computationally complex. 

35 The power allocation method used in a pre- 

ferred embodiment of the present invention is as 
follows : 
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(1) Calculate the system noise at the trans- 
mitter by measuring the equivalent noise at the 
receiver and multiplying by transmission loss. This 

5 process for measuring these quantities was described 
above with respect to synchronization and Fig* 4. The 
system noise components are calculated for each carrier 
frequency* 

(2) For each carrier frequency, calculate 
10 the power levels required to transmit data elements of 

varying complexity (in the present case, 0, 2, 4, 5, 5, 
and 8 bits)* This is accomplished by multiplying the 
equivalent noise by the signal to noise ratios neces- 
sary for transmission of the various data elements with 

15 a required BER, for example one error per 100,000 bits. 
The overall BER is the sum of the signal error rates of 
each modulated carrier* These signal to noise ratios 
are available from standard references, and are well- 
known in the art. 

20 (3) From the calculated required transmission 

power levels, the marginal required power levels to in- 
crease data element complexity are determined* These 
marginal required power levels are the difference in 
transmission power divided by the quantitative differ- 

25 ence in complexity of the data elements closest in com- 
plexity. 

(4) For each channel generate a two column 
table of marginal required power levels and ^quantita- 
tive differences where the units are typically ex- 

30 pressed as Watts and bits, respectively* 

(5) Construct a histogram by organizing the 
table of step 4 according to increasing marginal power. 

(6) Assign the available transmitter power 
sequentially over the increasing marginal powers until 

35 available power is exhausted* 

The power allocation method may be better 
understood through a simple example. The niimbers pre- 
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sented in the example are not intended to represent 
parameters encountered in an operating system. 

Table 1 sets out the power requirement, P, to 
transmit a data element of a selected number of bits, 
for two carriers A and B at frequencies f^ and fg. 



10 



0 
2 
4 
5 
6 



^2-^1 



2 
2 
1 
1 



TABLE 1 
Carrier A 

P 

0 

4 
12 
19 
29 



MP(Nj^ to 

MP(0to2)=2/bit 
MP(2to4)=4/bit 
MP(4to5)=7/bit 
MP(5to6)=10/bit 



15 



20 



0 
2 
4 
5 
6 



2 
2 
1 
1 



Carrier B 

P 

0 

6 
18 
29 
44 



MP(Nj^ to Nj) 

]XIP(0to2)=3/bit 
MP(2to4)=6/bit 
MP(4to5)=ll/bit 
MP(5to6)=15/bit 



The marginal power to increase the complexity 
from a first number of bits, N^, to a second number of 
bits, N^, is defined by the relationship: 



25 



MP(N, 



to = 



^2 - ^1 
N2 - 



30 



where P2 and P^^ are the powers required to transmit 
data elements of complexity N2 and N^. N2-N^ is 
quantitative difference in the complexity of the data 
elements. It is understood the BER is constrained to 
remain below a preset limit. 



1 
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The marginal powers for are less than for 
fg because the equivalent noise at fg, N(fg), is 
greater than the equivalent noise at f^, ^(^a^* 
5 The implementation of the allocation scheme 

for carriers A and B will now be described. Assume that 
a total number of bits, N^, are encoded on the ensemble 
but that no bits have been assigned to carriers A or B. 
For example, N(f^) and N(f^) might be greater than the 

10 powers of those carriers already carrying the data. 

In this example, the system is to allocate 
ten remaining available power units between carriers A 
and B to increase the overall data element complexity 
by the maximum amount* 

15 To increase by two bits requires that four 

units of power be allocated if channel A is utilized 
and that six units of power be allocated in channel B 
is utilized. This follows because for both channels 
= 0 and N2 = 2 and MP(0 to 2) = 2/bit for channel A 

20 and MP(0 to 2) = 3/bit for channel B. Therefore, the 
system allocates four units of power to carrier A, en- 
codes a two bit data element on carrier A, increases the 
overall signal complexity from to Nrj, + 2, and has six 
remaining available power units. 

25 The next increase of two bits requires six 

power units because MP (2 to 4) = 4/bit for carrier A and 
MP(0 to 2) = 3/bit for channel B. Therefore, the system 
allocates six xinits of power to carrier B, encodes a 
two bit data element on carrier B, increases the over- 

30 all signal complexity from N^^ + 2 to + 4 bits, and 
has no remaining available power units. 

As is now clear, the system "shops" among the 
various carrier frequencies for the lowest power cost 
to increase the complexity of the overall ensemble data 

35 element. 

The allocation system is extended to the full 
512 carrier ensemble by first generating the tables of 
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Table 1 for each carrier during a first pass through 
the frequencies. 

A histogram organizing the calculated 
5 marginal required power levels for all the carriers 
according to increasing power is then constructed. 
Fig. 7 is a depiction of an exemplary histogram 
constructed according to the present method • 

In Fig. 7 the entire table of marginal powers 

10 is not displayed. Instead, the histogram is 

constructed having a range of 64dB with counts spaced 
in 0.5dB steps* The quantitative differences between 
the steps are utilized as counts. Although this 
approach results in a slight round-off error, a 

15 significant reduction in task length is achieved. The 
method used to construct the histogram is not critical 
to practicing the invention. 

Each count of the histogram has an integer 
entry representing the number of carriers having a 

20 marginal power value equal to the power value at the 

count. The histogram is scanned from the lowest power 
level* The integer entry at each count is multiplied 
by the ntimber of counts and subtracted from the avail- 
able power. The scan continues until available power 

25 is exhausted. 

When the scan is completed it has been deter- 
mined that all marginal power values below a given 
level, MP (max), are acceptable for power anci data allo- 
cation. Additionally, if available power is exhausted 

30 partially through marginal power level, MP(max), then k 
additional carriers will be allocated power equal to 
MP(max + 1). 

The system then scans through the ensemble 
again to allocate power and data to the various car- 

35 riers. The amount of power allocated to each carrier 
is the sum of marginal power values for that carrier 
less than or equal to MP (max). Additionally, an amount 
of power equal to MP(max + 1) will be allocated if the 
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k MP (max +1) values have not been previously 
allocated. 

Timing and Phase Delay Compensation 
5 The reconstruction of (x,y) vector table by 

the receive system requires 1024 time samples of the 
received waveform • The bandwidth is about 4kHz so that 
Nyguist sampling rate about 8000/sec and the time sample 
offset between samples is 125 microseconds. The total 
10 sampling time is thus 128 msec. Similarly, the transmit 
FFT generates a time series having 1024 entries and the 
symbol time is 128 msec. 

The sampling process requires a timing refer- 
ence to initiate the sampling. This timing reference 
15 is established during synchronization by the following 
- method: 

During the synchronization steps defined with 
reference to Fig. 4, the originate modem detects energy 
at the 1437.5 Hz frequency component (the first timing 

20 signal) in the answer comb at time Tgg^. This time is a 
rough measure of the precise time that the first timing 
frequency component arrives at the receiver and is 
generally accurate to about 2 msec. 

This rough measure is refined by the follow- 

25 ing steps. The first timing signal and a second timing 
signal (at 1687*5 Hz) are transmitted with zero rela- 
tive phase at the epoch mark. 

The originate modem compares the phases of 
the first and second timing signals at time T„c^m- The 

30 250 Hz frequency difference between the first and 
second timing signals results in an 11 phase shift 
between the two signals for each 125 microsecond time 
sample offset. The first and second timing signals 
have low relative phase distortion (less than 250 

35 microseconds) due to their location near the center of 
the band. Accordingly, by comparing the phases of the 
two timing samples and correcting T„^^ by the number of 
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time sampling offsets indicated by the phase difference, 
a precise timing reference, Tq, can be determined. 

A further difficulty relating to timing the 
5 sampling process relates to frequency dependent phase 
delay induced by the VF line. This phase delay 
typically is on the order of 2 msec, or more, for VF 
telephone lines. Further, this phase delay is signi- 
ficantly worse near the edges of the 4kHz usable band. 

10 Fig. 8 depicts distribution of the frequency 

carriers of the ensemble after undergoing frequency 
dependent phase delay. Referring to Fig. 8, three 
signals 90, 92, and 94 at frequencies f^, ^255' 
"^512 depicted. Two symbols, and y^, of length 

15 Tg are transmitted at each frequency. Note that the 
duration of each symbol is not changed. However, the 
leading edge of the signals near the edge of the band 
92 and 94 are delayed relative to those signals near 
the center of the band 94. 

20 Additionally, for two sequentially transmit- 

ted epochs and y^ the trailing section of the first 
symbol x^^ on signals 92 and 95, near the outer edge of 
the band will overlap the leading edge of the second 
symbol y^^ on the signal 94 near the center of the band. 

25 This overlap results in intersymbol interference. 

If the sampling interval is framed to sample 
a given time interval, Tg, then complete samples of 
every carrier in the ensemble will not be obtained and 
signals from other epochs will also be sampled. 

30 Existing systems utilize phase correction 

(equalization) networks to correct for phase distortion 
and to prevent intersymbol interference. 

The present invention utilizes a unique 
guard- time format to eliminate the need for an equal i- 

35 zation network. This format is illustrated in Fig. 9. 

Referring now to Fig. 9, first, second, and 
third transmitted symbols, represented by time series 
x^, y^^, and z^, respectively, are depicted. The wave- 
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forms depicted in Fig- 3 are modulated on one of the 
carriers at frequency f i In this example a symbol 
time, Tg, of 128 msec* and a maximum phase delay, Tpg, 
5 of 8 msec are assumed. A guard-time waveform is formed 
by repeating the first 8 msec, of the symbol. The 
guard- time waveform defines an epoch of 136 msec. For 
example, in the first waveform 110, (X^), the time 
series of the symbol, Xq - ^io23' first transmitted, 
10 then the first 8 msec, of the symbol, Xq - ^es' 
repeated. 

The sampling of the epoch is aligned with the 
last 128 msec* of the guard- time waveform (relative to 
the beginning of the guard-time epoch defined by those 

15 frequency components which arrive first). 

This detection process is illustrated in Fig. 
10. In Fig. 10 first and second guard- time waveforms 
110 and 112 at f^, near the center of the band, and f2r 
near the edge of the band, are depicted. The frequency 

20 component at f^^ is the component of the ensemble that 
arrives first at the receiver and the component at fg 
arrives last. In Fig. 10 the second waveform 112, at 
f2, arrives at the receiver at Tq + Tpg, which is 8 msec, 
after the time, Tq, that the first waveform 110, at f^, 

25 arrives at the receiver. The sampling period of 128 

msec, is initiated at the time Tq + Tpg, Thus, the en- 
tire symbol on Xq - X^o23' sampled. The entire 
symbol at f^ is also sampled because the initial 8 
msec, of that symbol has been retransmitted. 

30 Also, inter symbol interference has been 

eliminated. The arrival of the second symbol, (y^^), at 
f^ has been delayed 8 msec, by the retransmission of 
the first 8 msec, of (x-). Thus, the leading edge of 
the second symbol at f^^, does not overlap the trailing 

35 edge of the first symbol at 

The 8 msec* guardtime reduces the usable time- 
bandwidth product of the system by only about 6%. This 
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small decrease is due to the very long duration of each 
symbol relative to the necessary guardtime. 

Tracking 

5 In practice, for a given carrier^ the mag- 

nitudes of the (x,y) vectors extracted during the 
demodulation process do not fall exactly at the 
constellation points but are distributed over a range 
about each point due to noise and other factors. 

10 Accordingly, the signal is decoded utilizing a modu- 
lation template as depicted in Fig. 11. 

.Referring now to Fig. 11, the template is 
formed by a grid of squares 113 with the constellation 
points 114 at the centers of the squares 113. 

15 In Fig. 11, the vector W = (x^^/Yn) represents 

the demodulated amplitudes of the sine and cosine signals 
at f^. W is in the square 113 having the constellation 
point (3,3) centered therein. Accordingly, W is 
decoded as (3,3). 

20 The present invention includes a system for 

tracking to determine changes in transmission loss, 
frequency offset, and timing from the values determined 
during synchronization. 

This tracking system utilizes the position of 

25 the received vectors in the squares of the demodulation 
template of Fig. 11. In Fig. 12, a single square is 
divided into four quadrants upper left, lower right, 
upper right, lower right, 115, 116, 117, and 118 char- 
acterized as too fast, too slow, too big, and too little, 

30 respectively. If counts in all four quadrants over time 
by frequency or over frequency at one time are equal or 
nearly equal then the system is in alignment. That is, 
if noise is the only impairment, then the direction of 
error for the decoded vector, W, should be random. 

35 However, if transmission loss changes by even 

O.ldB the number of too small counts will vary signifi- 
cantly from the number of too large counts. Similarly, 
a large difference between the number of too fast and 
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too slow counts indicates a phase rotation caused by a 
change in the offset frequency. Thus^ the differences 
between the too faster too slow, and top big, too small 
5 counts is an error characteristic that tracks varia- 
tions in signal loss and offset frequency. 

The present invention utilizes this error 
characteristic to adjust the signal loss and frequency 
offset determined during synchronization. For each 

10 frequency an adjustment of± .IdB or ± 1.0** is made 

depending on the error characteristic. Other divisions 
of the decoding region into distinct or overlapping sub- 
regions characterized as too fast, too slow, too big, 
and too little are preferred in some embodiments. 

15 Additionally, the phase of the timing signals 

is tracked to allow corrections of Tq, 

Allocation of Channel Control 
The present invention further includes a 
unique system for allocating control of an established 

20 communication link between the originate and answer 

modems (hereinafter designated A and B, respectively). 
Each waveform comprising the encoded ensemble of fre- 
quencies forms a packet of information. 

Control of the transmission link is first 

25 allocated to modem A. Modem A then determines the 
volume of data in its input buffer and transmits 
between I (a minimum) and N (a previously determined 
maximum) packets of data as appropriate. The predeter- 
mined number N serves as a limit and the end number of 

30 transmitted packets may be significantly less than 

required to empty the input buffer. On the other hand, 
if modem A has little or no data in its input buffer it 
will still transmit I packets of information to maintain 
communication with modem B. For example, the I packets 

35 may comprise the originate or answer comb of frequencies 
defined above with respect to Fig. 4 and the synchroni- 
zation process. 
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Control of the communication link is then 
allocated to modem B which repeats the actions of modem 
A* Of course, if modem B transmits the minimum num- 
5 ber,I, of packets it is confirming to modem A the 
vitality of modem B. 

There is no need for the limits N on the two 
modems to be the same, or to restrict them from being 
adaptable under modem control to obtain rapid character 
10 echo or other user oriented goals. 

Hardware Implementation 
Fig. 13 is a block diagram of a hardware 
embodiment of the invention. Referring now to Fig. 13, 
an electronic digital processor 120, an analog I/O 
15 interface 44, and a digital I/O interface 122 are 
coupled to a common data bus 124. The analog I/O 
interface 44 interfaces the public switched telephone 
line 48 with the common data bus 124 and the digital 
interface 122 interfaces digital terminal equipment 126 
20 with the common data bus 124. 

The following components are utilized in a 
preferred embodiment of the invention. The analog I/O 
interface 44 is a high perfoirmance 12 bit coder-decoder 
(codec) and telephone line interface. The interface has 
25 access to RAM 132 and is controlled by supervisory micro- 
processor 128. The codec is a single chip combination 
of an analog to digital converter, a digital to analog 
converter, and several band pass filters. 

The digital I/O interface 122 is a standard 
30 RS-232 serial interface to a standard twenty-five pin 
RS-232 type connector or a parallel interface to a per- 
sonal computer bus. 

The electronic digital processor 120, includes 
a supervisory processor 128, a general purpose mathema- 
35 tical processor 130, a 32K by 16 bit shared RAM sub- 
system 132, and a read only memory (ROM) unit 133, 
coupled to an address bus 135. 
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The supervisory microprocessor 128 is a 68000 
data processor subsystem including a lOMHz 68000 pro- 
cessor and the 68000 program memory- The 32K by 16 
5 bit program memory consists of several low power, high 
density, ROM chips included in the ROM unit 133 • 

The mathematical processor 130 is a 320 digi- 
tal signal microprocessor system (DSP) including a 
20MHz 320 processor, the 320 program memory, and an 

10 interface to the shared RAM system. Two high speed ROM 
chips, included in ROM unit 133, comprise the 8192 x 16 
bit program memory. 

The 320 system program memory includes pro- 
grams for performing the modulation table look-up, FFT, 

15 demodulation, and other operations described above* 

The 68000 processor handles digital data streams at the 
input and output, performs tasking to and supervision 
of the 320 signal processor and associated analog I/O, 
and performs self and system test as appropriate. 

20 The invention has been explained with respect 

to specific embodiments. Other embodiments will now be 
apparent to those of ordinary skill in the art. 

In particular, the ensemble of carrier fre- 
quencies need not be limited as above- described. The 

25 number of carriers may be any power of 2, e.g. 1024, or 
some arbitrary niunber. Additionally, the frequencies 
need not be evenly spaced over the entire VF band. 
Further, the QAM scheme is not critical to practicing 
the invention. For example, AM could be utilized 

30 although the data rate, Rg, would be reduced. 

Still further, the modulation template need 
not be comprised of squares. Arbitrarily shaped 
regions surrounding the constellation points may be 
defined. The tracking system was described where the 

35 squares in the modulation template were divided into 
four quadrants. However, a given parameter may be 
tracked by tracking the difference in the number of 
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counts in arbitrary regions defined about a 
constellation point. 

Still further, a hardware embodiment 
5 including a supervisory microprocessor and a general 
purpose mathematical processor has been described. 
However, different combinations of IC chips may be 
utilized. For example, a dedicated FFT chip could be 
utilized to perform modulation and demodulation 
10 operations. 

Still further, the information units utilized 
in the above description were bits. However, the 
invention is not limited to binary system. 

Accordingly, it is therefore intended that 
15 the invention can be limited except as indicated by the 
appended claims* 
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WHAT IS CLAIMED IS : 

!• In a high spee<} modem, for transmitting 
data over a telephone line, of the type that encodes 
5 data elements on an ensemble of carrier frequencies,^ a 
method for allocating data and power to the carrier 
frequencies, said method comprising the steps of: 

determining the equivalent noise component 
for every carrier frequency in the ensemble; 
10 determining the marginal power requirement to 

increase the complexity of the data element on each 
carrier from n information units to n + 1 information 
units, n being an integer between 0 and N; 

ordering the marginal powers of all the car- 
15 riers in the ensemble in order of increasing power; 

assigning available power to the ordered mar- 
ginal powers in order of increasing power; 

determining the value, MP (max) at which point 
the available power is exhausted; and 
20 allocating power and data to each carrier 

frequency where the power allocated is equal to the sum 
of all the marginal powers less than or equal to MP (max) 
for that carrier and the number of data units allocated 
is equal to the number of marginal powers for that car- 
25 rier less than or equal to MP(max). 

2. The invention of claim 1 where said step 
of ordering comprises the steps of: 

providing a table of arbitrary marginal power 
levels; and 

30 rounding the value of each determined marginal 

power level to one of the values of the table of arbi- 
trary marginal power levels to decrease computational 
complexity. 
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3^ The invention of claim 2 wherein the 
step of determining equivalent noise comprises the steps 
of: 

5 providing an A and a B modem interconnected 

by a telephone line; 

establishing a commtinication link between 
said A and B modems; 

acciimulating line noise data during a no trans- 
10 mission time interval at said A and B modems; 

transmitting at least a first ensemble of 
frequency carriers from said A modem to said B modem, 
where the amplitude of each carrier has a predetermined 
value; 

15 receiving said first ensemble at said B modem; 

measuring the amplitude of each carrier re- 
ceived at said B modem; 

comparing the measured amplitudes at said B 
modem with said predetermined amplitudes to determine 
20 signal loss, in dB, at each carrier frequency; 

determining the value of the component, in 
dB, at each carrier frequency of the accumulated noise; 
and 

adding the signal loss at each carrier fre- 
25 quency to the noise component at each carrier frequency 
to determine equivalent noise. 

4. A high speed modem of the type for trans- 
mitting a signal on a VF telephone line, comprising: 

means for receiving an input digital data 
30 stream and for storing said input digital data; 

means for generating a modulated ensemble of 
carriers to encode said input digital data, where each 
carrier has data elements of variable complexity encoded 
thereon; 

35 means for measuring the signal loss and noise 

loss of the VF telephone line for each carrier; and 
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means for varying the complexity of the data 
element encoded on each darrier and the amount of power 
allocated to each carrier to compensate for the measured 
5 signal loss and noise level* 

5. A high speed modem of the type that en- 
codes data elements on an ensemble of carriers of dif- 
ferent frequency, said modem comprising: 

a digital electronic processor; 
10 a digital electronic memory; 

hus means for coupling said processor and 
said memory; 

means, associated with said digital electronic 
processor, for 

15 determining the equivalent noise component 

for every carrier frequency in the ensemble; 

determining the marginal power requirements 
to increase the complexity of the data element on each 
carrier from n information units to n + 1 information 
20 units, n being an integer between 0 and N; 

ordering the marginal powers of all the car- 
riers in the ensemble in order of increasing power; 

assigning available power to the ordered mar- 
ginal powers in order of increasing power; 
25 determining the value, MP (max) at which point 

the available power is exhausted; and 

assigning power and data to each carrier fre- 
quency where the power assigned is equal to the sum of 
all the marginal powers less than or equal to MP(max) 
30 for that carrier and the number of data units is equal 
to the number of marginal powers for that carrier less 
than or equal to MP (max). 

6. In a high speed modem, for transmitting 
data in the form of a QAM ensemble of carrier frequen- 

35 cies on a VF telephone line, of the type that measures 
the magnitude of a system parameter prior to 



wo 86/07223 



PCT/US86/00983 



35 



transmission, a melzhod for tracking deviations in the 
magnitude of the system parameter during the receipt of 
data, said method comprising the steps of: 
5 generating QAM constellations for a plurality 

of carrier frequencies; 

constructing a demodulation template for one 
of said plurality of carrier frequencies comprising a 
plurality of first regions with one of the points of 
10 said constellation positioned within each of said first 
regions ; 

forming a set of tracking regions where each 

first region has a first and second tracking region 

disposed therein; 
15 demodulating said ensemble of carriers to 

obtain the demodulation points positioned in said set 

of first and second tracking regions; 

counting the number of points disposed in 

said set of first tracking regions and the number of 
20 points disposed in said set of second tracking regions; 

determining the difference in the ntimber of 

counts disposed in said set of first tracking regions 

and disposed in said tracking regions to construct an 

error characteristic; and 
25 utilizing said error characteristic to adjust 

the magnitude of said signal parameter during the receipt 

of data* 

7. The invention of claim 6 wherein said 
step of constructing a demodulation template comprises 
30 the step of: 

constraining said first regions to be in the 
shape of squares having said constellation points cen- 
tered therein • 
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8. The invention of claim 7 wherein said 
step of forming said tracking regions comprises the 
step of: 



wo 86/07223 



PCT/US86/00983 



36 



dividing said squares into quadran'ts; and 
selecting said tracking regions to be symmetri- 
cally disposed quadrants* 

5 9. In a communication system of the type 

including two modems (A and B) coupled by a transmis- 
sion link, each modem having an input buffer for storing 
data to be transmitted, a method for allocating control 
of the transmission link between modem A and B compris- 
10 ing the steps of: 

allocating control of the transmission 
link to modem A; 

determining the volume of data stored in 
the input buffer of modem A; 
15 determining the number, of packets of 

data required to transmit the volume of data stored in 
the input buffer of modem A; 

transmitting L packets of data from modem 
A to modem B where L is equal to if K is less than 
20 I^, where L is equal to K if K is greater than or equal 
to I^, and where L is equal to if K is greater than 
so that the minimum number of packets transmitted is 
and the maximum is N^; 

allocating control of the trtosmission 
25 link to modem B; 

determining the volume of data in the 
input buffer of modem B; 

determining the number, J, of packets of 
data required to transmit the volume of data stored in 
30 the input buffer of modem B; 

transmitting M packets of data from modem 
B to modem A where M is equal to 1^ if J is less than 
Ig, where M is equal to J if J is greater than or equal 
to Ig, and where L is equal to Ng if J is greater than 
35 Ng so that the minimvim number of packets transmitted is 
Ig and the maximum is N^; 
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where allocatilon of control be-tween modem 
A and B is dependent on the volxime of data stored in 
the input buffers of modems A and B. 

10. In a high speed modem, for transmitting 
data over a telephone line, of the type that encodes 
data elements on an ensemble of carrier frequencies, a 
system for allocating data and power to the carrier 
frequencies, said system comprising: 

means for determining the equivalent noise 
component for every carrier frequency in the ensemble; 

means for determining the marginal power re- 
quirement to increase the complexity of the data ele- 
ment on each carrier from n information units to n + 1 
information units, n being an integer between 0 and N; 

means for ordering the marginal powers of all 
the carriers in the ensemble in order of increasing 
power; 

means for assigning available power to the 
ordered marginal powers in order of increasing power; 

means for determining the value, MP (max) at 
which point the available power is exhausted; and 

means allocating power and data to each car- 
rier frequency where the power allocated is equal to 
the sum of all the marginal powers less than or equal 
to MP (max) for that carrier and the number of data units 
allocated is equal to the number of marginal powers for 
that carrier less than or equal to MP(max). 

11. The invention of claim 10 where said 
means for ordering comprises: 

means for providing a table of arbitrary mar- 
ginal power levels; and 

means for rounding the value of each determined 
marginal power level to one of the values of the table 
of arbitrary marginal power levels to decrease computa- 
tional complexity. 
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12. The invention of claim 11 wherein an A 
and B modem are connected by a telephone line and the 
means for determining equivalent noise comprises: 

5 means for establishing a communication link 

between said A and B modems; 

t* 

means for accumulating line noise data during 
a no transmission time interval at said A and B modems; 

means for transmitting a first ensemble of 
10 frequency carriers from said A modem to said B modem, 

where the amplitude of each carrier has a predetermined 
value; 

means for receiving said first ensemble at 
said B modem; 

15 means for measuring the amplitude of each 

carrier received at said B modem; 

means for comparing the measured amplitudes 
at said B modem with said predetermined amplitudes to 
determine signal loss at each carrier frequency; 

20 means for determining the value of the compo- 

nent, in dB, at each carrier frequency of the accumulated 
noise; and 

means for adding the signal loss at each car- 
rier frequency to the noise component at each carrier 
25 frequency to determine equivalent noise. 

13. In a high speed modem, for transmitting 
data in the foinn of a QAM ensemble of carrier frequencies 
on a VF telephone line, of the type that measures the 
magnitude of a system parameter prior to transmission, 

30 a system for tracking deviations in the magnitude of 
the system parameter during the receipt of data, said 
system comprising: 

means for generating QAM constellations for a 
plurality of carrier frequencies; 

35 means for constructing a demodulation template 

for one of said plurality of carrier frequencies com- 
prising a plurality of first regions with one of the 
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points of said constellat:ion posit:ioned within each of 
said first regions; 

means for forming a set of tracking regions 
where each first region has a first and second tracking 
region disposed therein; 

means for demodulating said ensemble of car- 
riers to obtain the modulation points positioned in 
said set of first and second tracking regions; 

means for counting the number of points dis- 
posed in said set of first tracking regions and the 
niunber of points disposed in said set of second tracking 
regions ; 

means for determining the difference in the 
number of counts disposed in said set of first tracking 
regions and disposed in said tracking regions to con- 
struct an error characteristic; and 

means for utilizing said error characteristic 
to adjust the magnitude of said signal parameter during 
the receipt of data. 

14. The invention of claim 13 wherein said 
means for constructing a demodulation template comprises: 

means for constraining said first regions to 
be in the shape of squares having said constellation 
25 points centered therein. 

15. The invention of claim 14 wherein said 
means for forming said tracking regions comprises: 

means for dividing said squares into quadrants; 

and 

30 means for selecting said tracking regions to 

be symmetrically disposed quadrants. 

15. In a communication system of the type 
including two modems (A and B) coupled by a transmis- 
sion link, each modem having an input buffer for storing 
35 data to be transmitted, a system for allocating control 
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of the -transmission link between modem A and B compris- 
ing: 

means for allocatiiig control of the trans- 
5 mission link to modem A; 

means for deteanaining the number ^Kr of 
packets of data required to transmit the volume of data 
stored in the input buffer of modem A; 

means for transmitting L packets of data 
10 from modem A to modem B where L is equal to I, if K is 
less than but less than N^, where L is equal to K if 
K is greater than or equal to I^, and where L is equal 
to if K is greater than so that the minimum number 
of packets transmitted is and the maximum is N^; 
15 means for allocating control of the trans- 

mission link to modem B; 

means for determining the volume of data 
in the input buffer of modem B; 

means for determining the number, J, of 
20 packets of data required to transmit the volume of data 
stored in the input buffer of modem B; 

means for transmitting M packets of data 
from modem B to modem A where M is equal to I- if J is 



25 



less than 1^, where M is equal to J if J is greater than 
or equal to but less than Ng, and where L is equal to 
Ng if J is greater than so that the minimum number of 
packets transmitted is I_ and the maximum is 

where allocation of control between modem 
A and B is dependent on the volume of data stored in the 
30 input buffers of modems A and B. 



17* In a high speed modem communication sys- 
tem including two modems (A and B) coupled by a transmis- 
sion link, each modem having an input buffer for storing 
data to be transmitted, each modem for transmitting 
35 data over a telephone line and each modem of the type 
that encodes data elements on an ensemble of carrier 
frequencies, a method of operating said modems to effi- 
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ciently allocat:e power and data to the carrier frequen- 
cies, to compensate for frequency dependent phase delay, 
where the maximum estimated magnitude of the phase delay 
5 is Tpjj, to prevent inter symbol interference, to allocate 
control of the transmission link between modem A and 
modem B and for initiating a sampling interval having a 
given time sample offset equal to the reciprocal of the 
sampling frequency, said method comprising: 
10 determining the equivalent noise component 

for every carrier frequency in the ensemble; 

determining the marginal power requirement to 
increase the complexity of the data element on each 
carrier from n information units to n + 1 information 
15 units, n being an integer between 0 and N; 

ordering the marginal powers of all the car- 
riers in the ensemble in order of increasing power; 

assigning available power to the ordered mar- 
ginal powers in order of increasing power; 
20 determining the value, MP (max) at which point 

the available power is exhausted; 

allocating power and data to each carrier 
frequency where the power allocated is equal to the sum 
of all the marginal powers less than or equal to MP (max) 
25 for that carrier and the number of data units allocated 
is equal to the number of marginal powers for that car- 
rier less than or equal to MP (max); 

transmitting a symbol encoded on one of said 
carrier frequencies where said symbol is a predetermined 
30 time duration, 

retransmitting the first seconds of said 
symbol to form a transmitted waveform of duration 

allocating control of the transmission link 
35 to modem A; 

determining the volume of data stored in the 
input buffer of modem A; 
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determining the number, K, of packets of data 

required to transmit the volume of data stored in the 

input buffer of modem A; 

5 transmitting L packets of data from modem A 

to modem B where L is equal to if K is less than I^, 

where L is equal to K if K is greater than or equal to 

I^, and where L is equal to if K is greater than 

so that the minimum number of packets transmitted is 

10 and the maximum is N^; 

A' 

allocating control of the transmission link 
t o mo dem B; 

determining the volume of data in the input 
buffer of modem B; 
15 determining the ntomber, J, of packets of data 

required to transmit the volume of data stored in the 
input buffer of modem B; 

transmitting M packets of data from modem B 
to modem A where M is equal to I- if J is less than I^, 
20 where M is equal to J if J is greater than or equal to 
Ig, and where L is equal to if J is greater than 
so that the minimum number of packets transmitted is I- 
and the maximum is N^; 

where allocation of control between modem A 
25 and B is dependent on the volume of data stored in the 
input buffers of modems A and B; 

generating an analog waveform at mod^ A in- 
cluding first and second frequency components at f^ and 

^2' 

30 transmitting said waveform from modem A to 

modem B at time T^; 

adjusting the phases of said first and and 
second frequency components so that their relative phase 
difference at time is equal to about 0^; 

35 detecting energy at frequency f^ at modem B 

to determine the estimated time, ^esT' '^^'^ said wave- 
form arrives at modem B; 
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determining the relative phase difference at 
modem B between said first and second frequency com- 
ponents at time T^g^; 
5 calculating the number of sampling time off- 

sets, Nj, required for the relative phase of said first 
and second carriers to change from 0 to said relative 
phase difference; and 

changing the magnitude of T^g^ by sampling 
10 intervals to obtain a precise timing reference, T^. 
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